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(54) Soft poly urethane foam, method of producing the same and vehicle interior member using 
the same 

(57) A soft polyur ethane foam which has a rebound 
resilience percentage ratio of not higher than 30% and 
whose temperature dependency of a compression force 
deflection that is represented by a difference between a 
25%rCompressi6n force deflection value at -20°C and a . 
25% : compression force def lection value at +20°C is not 
larger than OXttOkg/cm 2 ; " 
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Description 

[0001] The present application is based on Japanese Patent Applications Nos. 9-295713 filed October 28, 1997, 10- . 
224655 filed August 7, 1 998 and 1 0>286825 filed October 8, 1 998, the content of which is incorporated hereinto by ref- 
5 ' erence. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

10 ■ ■ ' •• . ; 

[0002] The present invention relates to a soft polyurethane foam suitably used as a material of interior members of 
automotive vehicles, and a method of production thereof. In particular, the invention is concerned with such a soft poly- 
urethane foam used in the vehicle interior members such as an energy absorbing headrest capable of protecting a pas- " 
senger of the vehicle from suffering from a whiplash injury, and a seat back of a vehicle seat exhibiting good energy 
_ , is , absorbing properties. Further, the invention is concerned .with methods of producing the soft polyurethane foam. ^. . 

Discussion of the Related Art 

[0003] A soft polyurethane foam has been widely used in vehicle interior members such as a seat cushion, a head- 
20 r st, an instrument panel and a steering wheel, as well as furniture and bedding, taking advantage of its high rebound 
resilience property. The soft polyurethane foam is required to exhibit desired properties depending upon its applica- 
tions. 1 in particular, when the soft polyurethane foam is used in the vehicle headrest, it is required to exhibit high rebound 
resilience property and suitable hardness, so as to give a good feel to the vehicle passenger, in other words, good cush- 
ioning characteristics. 

25 [0004] In recent years, the vehicle is equipped with various kinds of energy absorbing devices in an attempt to protect 
a passenger of the vehicle upon a vehicle collision accident. For instance, an air bag is installed in the steering wheel, 
instrument panel or doors. As disclosed in JP-A-8-1931 18, a rigid polyurethane foam is provided in the inside of the 
door, or in the side portion of the seat back adjacent to the door, for the purpose of absorbing the energy applied to the 
vehicle upon its collision, to thereby protect the loins, shoulders and abdomen of the passenger upon the collision. 

30. [0005] In general, the rigid polyurethane foam does not restore its original shape once it is deformed by stresses 
applied thereto. Accordingly, the rigid polyurethane foam is used in limited portions of the vehicle. That is, the rigid poly- 
urethane foam cannot be used as a material of the vehicle interior members such as the headrest seat back, instru- . 
ment panel, steering wheel, door trim and pillar, which members are frequently contacted by the vehicle passenger and 
subject to stresses due to the frequent contact. ^ 

35 [0006] JP-A-2-52607 and JP-A-1 -280413 disclose a seat cushion having an improved comfort as felt by the passen- 
ger. The disclosed seat cushion is formed of a combination of a soft polyurethane foam of low rebound resilience whose 
percentage is not higher than 25% and a soft polyurethane foam of high rebound resilience whose percentage is not . 
lower than 55%. JP-A-7-67757 discloses a pillow which uses as a core material a soft polyurethane foam having a 
rebound resilience percentage of not higher than 5%, to thereby keep the head of the user in a stable state while the 

40 user is sleeping. JP-A-2-175713 discloses a method of producing a soft polyurethane foam of low rebound resilience 
whose percentage is not higher than 25% by using a polyether polyol having an average molecular weight of 400-2000 
and an average functionality of 2-3.5. 

[0007] The vehicle interior members which use the soft polyurethane foam having the low rebound resilience property 
assure good energy absorbing characteristics as well as a good feel as given to the passengers. Since the soft poly- 
45 urethane foam with the low rebound resilience property can restore its original shape after it has been subjected to 
compression deformation, the soft polyurethane foam can be suitably used in the interior members for the energy 
absorbing purpose, unlike the rigid polyurethane foam described above. 

[0008] In the conventionally proposed soft polyurethane foam having the low rebound resilience property, however, 
th hardness of the resin which gives the soft polyurethane foam rapidly increases with a decrease in the temperature 

so of th soft polyurethane foam. In this case, the soft polyurethane foam is too hard to exhibit its excellent properties. For 
instance/when the soft polyurethane foam with the low rebound resilience property is used as a pad material for the . 
vehicle headrest, it is soft enough to assure a good feel at the room temperature of 1 0 - 30 b C. In a cold condition at the 
temperature of 0 ~ -20°C, however, the resin hardness of the soft polyurethane foam undesirably rises to a value as 
high as that of the rigid polyurethane foam, deteriorating the energy absorbing characteristics of the soft pblyur thane 

55 foam. In this case, the soft polyurethane foam is not likely to restore its original shape immediately after it has been sub- 
jected to compression deformation, and the feel as given to the vehicle passenger is considerably deteriorated. 
[0009] In an attempt to lower the rebound resilience percentage of the soft polyurethane foam for improving its energy 
absorbing characteristics, the soft polyurethane foam used in the vehicle interior member is formed by using a polyol 
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material whose average molecular weight is relatively low. However, when the polyol matenal wth the low average 
Z£*£*M is used in forming the soft polyurethane foam, it undesirably takes a lot of time for the pMlt . 

' component for forming the polyurethane. In this case, when the soft polyurethane foam is obtained by 
7SS^SS^b^«^ Quires a relatively long period of time before the formed polyurethane 
f^^n be removed from the mold. In other words, it requires a relatively long period of time o completely cure t*e 
XShaTe foam, so that its production efficiency isdeteriorated. Thus, the use of the polyol matenal wrth the low 
average molecular weight is not practically desirable. . 
[0010] It is well known to use a mono-ol or a monohydric alcohol in producing the polyureth *ne fc^For instance 
JP-A52-21097 JP-A-2-163112.JP.A.3,l69412,JP-A<4^ 

the monohydric alcohol in the reaction system for forming the soft polyurethane foam whereby the o^n^sott poly- 
urethane team has a desired softness value and a reduced weight, without suffering from scorchmg. JP-A-60-1 77^35^ 
JP aS!sSi 8 and JP-A-7-1 8045 disclose that the use of the monohydric alcohol prevents amncrease ofthe ^scosrty 
of materials used for producing the polyurethane. so that the materials can be suff iciently blended. JP-A-56-36514, jp- 
5^S5SrS5SSa« JP A-2-199111 and JP-A-5-84858 disclose the use of. monoh^ric a.c^n an 
attempt to prevent shrinkage of the obtained polyurethane foam upon rts removal from the moW. and '^verts 
mechanical strength storage stability and soundproof characteristics in.a lower frequency range. None of those publi- 
cans Sowtver tach a soft polyurethane foam which exhibits low rebound resilience characteristics both at the room • 
ten^raLSund* the cbE condition whi.e assuring an excellent feel as given to the user. Moreover, none of the 
publications suggest the use of such a soft polyurethane foam as an energy absorbing member. . 

SUMMARY OF THE INVENTION " - 

r001 1 1 ft is therefore a first object of the present invention to provide a soft polyurethane foam which has a ^h degree 
rnergyiS characteristics and L^m^^^^^^^^^^^ 
which gives the soft polyurethane foam is relatively low at the relatively low ambient temperature, and which soft poly- 
urethane foam can be easily removed from am I mold when it is formed by molding. 

£ S second object of the invention to provide a method of producing such a soft polyurethane foam. 
001 3 H is a third object of the invention to provide, by using such a soft polyurethane foam, a soft intenor member 
S velide especiSly a vehicle headrest capable of protecting the passenger from suffering from a whiplash .njury. 
Sd a seat b^ckSa vehicle seat capable of absorbing energy so as to effectively support the back of the passenger. 
ZSXmZS* an extensiveludy of the soft polyurethane foam by the *^*p^™£g^ 
ound that the feelor the cushioning characteristics <>f the polyurethane foam fsaff^ 
tfrts iSdness. It was further found that the temperature dependency of the hardness of the sc« polyure^ane torn 
relates to its temperature dependency of the compression force deflection when the polyurethane foam, .s compressed 

35 fOOl 5?" The above first object of the present invention may be attained according to a first aspect of Ihe invention which . 
SsrscSr^ret^ane foam which has a rebound resilience percentage of not higher than 30% and whose tem- 
^MdSSSi of compression.force deflection represented by a ^^.^.fJgS^. 
Kion value at -2b'C and a 25%-compression force deflection value at + 20'C « not targer than Mjg. 

40 K T*e soft polyurethane foam constru^^ : 
high degree of energy absorbing characteristics owing to its rebound resilience, percentage d not higher man 30%^ 
the oresent soft polyurethane foam wherein the temperature dependency of the compression force deflection is not 
argaTa? 0 030^, the dependency of its hardness on a change of the ambient temperature is s-gnrficantly. 

,5 S and under the cold condition is accordingly reduced. According to this arrangement the soft P^V^ane 
Em exhibrts its excellent properties without suffering from deterioration of its feel as g«en to the user even when, the 
temperature of the resin is relatively low. J . . . . ^ 'Ja^i*^™ 

u017] in a first preferred form of the above first aspect of the invention, both of the 25%^mpress'on force d eflection 
value at 20°Cand the 25%-compression force deflection value at +20-C are not larger than 0.1 10kgA^ .Acceding 

so Sthi armng^eht. the soft polyurethane foam advantageously assures excellence, under the cold condition as well 

• 5£T InTsSd^red form of the above first aspect of the invention, the soft polyurethane foam is produced 
by reaction of a polyol component having an average molecular weight of 2000-8000 and an organic polyisocyanate. ,n 
the presence of a monohydric alcohol having a molecular weight of not larger than 100. ■ ■ ' . 

55 rOO S I The inventors of the present invention found that the presence of the selected monohydncalcohol .n the reac- 

age TSe obtained I soft polyurethane foam. Owing to the inclusion of the monohydnc alcohol, the obtained 
^yureth^^oamhastheretoun^ 
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ing a high average molecular weight is used. 

[0020] According to the above second preferred form of the first aspect of the present invention, the soft polyurethane 
foam has the rebound resilience percentage of not higher than 30%, and exhibits a high degree of energy absorbing 
characteristics. In this arrangement, the soft polyurethane foam has such a iow rebound resilience percentage owing to 
s the presence of the monohydric alcohol in the polyur ethane-forming reaction which uses the polyol material (compo- 
nent) having a high average molecular weight. Accordingly, the hardness of the resin that gives the soft polyurethane 
foam is not largely dependent on a change of the ambient temperature, so that a difference between the resin hardness 
values at the room temperature and under the cold condition is reduced. In this case, the soft polyurethane foam is 
capable of exhibiting its excellent properties without suffering from deterioration of its feel as given to the user even 
id when the resin temperature is lowered with a decrease in the ambient temperature. In addition, the use of the polyol 
component having a high average molecular -weight is effective to reduce a time required time for curing the poly- 
urethane foam, and to assure easy removal of the obtained polyurethane foam from the mold, resulting in the improve- 
ment of its productivity. , 
[0021 ] In a third preferred form of the above first aspect of the present invention, tine soft polyurethane foam is pro- 
? „ is duced by reaction of a polyol component and an organic polyisocyanate, wherein the polyol component comprises poly- 
oxyalkylene polyol having an average functionality of 2-8 and a hydroxyl equivalent of 900-3300, and the reaction is 
** effected in the presence of a compound represented by the following formula (1), in an amount of 0.005-0.1 mol per 
100g of the polyol component, 

CnH 2n +i) - C 6 H 4 - 0 (CH 2 CH0) — 

25 



CH2CH2O) - H "'■ 

h (17 

wherein, n is an integer of 0-20, x and y represent respective different ones of integers 0-20. and a sum of x and y is in 
35 a range of 0-20. 

[0022] The inventors of the present invention found that the feel of the soft polyurethane foam varies depending upon 
the temperature dependency of its hardness, and that the temperature dependency of the hardness relates to the tem- 
perature dependency of the compression force deflection obtained on the basis of the 25%-compression force deflec- 
tion values. Further, it was found that the desired soft polyurethane foam is obtained by the polyurethane-forming 

40 reaction which uses the predetermined polyol component in the presence of the selected mono-ol compound. 

[0023] The soft polyurethane foam produced according to the above third preferred form of the first aspect of the 
present invention has the rebound resilience percentage of hot higher than 30% owing to the combined use of the polyol 
component and the mono-ol compound, whereby the obtained soft polyurethane foam exhibits a high degree of energy 
absorbing characteristics. Further, since the present soft polyurethane foam has the temperature dependency of the 

45 compr ssion force deflection of not larger than 0.030 kg/cm 2 , its hardness is not siginif icantiy dependent on a change 
of the ambient temperature, whereby a difference between the resin hardness values at the room temperature and 
under the cold condition is appreciably reduced. Accordingly, the present soft polyurethane foam does not suffer from 
deterioration of its feel even when the resin temperature is lowered as the ambient temperature is lowered. 
[0024] In a fourth preferred form of the above first aspect of the present invention, h is an integer of 0^9, x and y rep- 

50 resent r spective different ones of integers 0-10, and a sum of x and y is in a range of 0-10. 

[0025] In a.fifth preferred form of the above first aspect of the present invention, the compound represented by the 
above formula (i) is nonyl phenol or a substance obtained by addition polymerization of 1-10 mp| of ethylene oxide to 
the nonyl phenol. 

[0026] The above second object of the present invention may be attained according to a second aspect of the inven- 
55 tion, which provides a method of producing a soft polyurethane foam by reacting an active hydrogen compound with an 
organic polyisocyanate using water, wherein the active hydrogen compound is a mixture of poiyether triol having a 
hydroxyl equivalent of 900-1500 and containing 5-30 wt.% of terminal polyoxy ethylene units, and poiyether diol having 
a hydroxyl equivalent of 1010-1500 and containing 5-30 wt.% of terminal polyoxy ethylene units, a weight ratio of the 
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' polyether triol to the polyether diol being in a range of 80/20 - 0/100, and the water is used in an amount of 2.0-6.0 parts 
• by weight per 100 parts by weight of the active hydrogen compound. 
r00271 In a first preferred form of the above second aspect of the present invention, the organic polyisocyanate is a 
mixture of polymethylene polyphenyliscoyanate and 2,4-tolylenediisocyanate and/or 2.6 : toly1enediisocyanate. a weight . 

5 Sited F A pSUrn l^polypheJylisocyahate to the 2.4-tolyienediisocyanate and/or 2.6-tolylenedHsocyanate bemg 

ro^fll" 9 ln°l second ptened form of the above second aspect of the present invention;the organic polyisocyanate is 
a prepolymer having terminal isocyanate groups, the prepolymer being obtained by reacting polymethylene f)IP^ 
fso^atewith at least one polyether polyol which hasan averagefuncti^aBtyof l^andahydrcxylequ^alertofSOO- 
io 2000 art) which is obtained, by addition polymerization of alkylene oxide having three or more carbon atoms, and eth- 
ylene oxide in a molar ratio of 20/80 ~ 100/0. ' 
[0029] in a third preferred form of the above second aspect of the present invention, the polyether tnol and the poly- 
«ne» diol are.mixed in a weight ratio of 70/30 - 40/60. ''»..* ^^* Qi ^ a n 

fOOMl The above second Object of the present invention may be also attained according to a third aspect of the inven- 
ts Ln «*ch pov«ies a method of producing a soft polyurethane foam haying a rebound resilience percentage of not 
NghVw* sovby reaction of a polyol component haying an average molecular weight of 2000-8000 with an orgamc 
p3Uoey*rt#t* m the presence of water, wherein the reaction is effected in the presence of a monohydnc alcohol hav- 
tno a molecular we«gtt of hot larger than 100: . : .. j. 

[0031] * a first preyed form of the abw^^ 
so btO vis parts by weight per iOOparts by weight of the polyol component. ..... 

[00321 > a second referred form of the above third aspect of the invention, the monohydnc alcohol is used in an 
amount of 6.5-5 parts by weight per 100 parts by, weight of the polyol component. . ort ^ rf « 

[00331 '■ In a third preferred form of the above third aspect of the invention, the polyol component contains 30-70 wl A. 
• ' • .of a polymer polyol Alternatively a polyether polyol and/or a polyester polyol. and the polymer polyol. are m.xed in a ; 
25 weioW ratio of 30/70 - 70/30, so as to provide the polyOI component. . 

[0034] In a fourth preferred form of the above third aspect of the invention, the polyol component has an average 
molecular weight of 3000-6000. According to this arrangement, the soft polyurethane foam to be obtained has the 
, de-sired low rebound resilience percentage arid the desired temperature dependency of its hardness while assuring 
easv removal thereof from the mold. ". .' ' 

rooi5i the above second Object of the present invention may be also attained according to a fourth aspect of the 
invention which provides a method of producing a soft polyurethane foam by reaction of an organic polyisocyanate and 
a mixture' of a polyol component and water, the soft polyurethane foam having a rebound j alienee percentage of not 
higher than 30%. and temperature dependency of compression force def lection represented by a drrference between a 
25%-compression force deflection value at -20°C and a 25%-compression force deflection value at + 20°C being not 
laroer than 0 OSOkg/cm 2 . wherein the polyol component comprises polybxyalkylene polyol having an average funct.on- 
ality of 2-8 and a hydroxyl equivalent.of 900-3300. and the reaction is effected in the presence of a compound repre; 
serited by the following formula (1). in an amount of 0.005-0.1 mol per 100g of the polyol component. 



30 



35 



40 



45 



SO 



55 



(CnH 2n+ i)- C 6 H 4 - 0 (CH 2 CH0) X — 

CH 3 



-(cH2CH 2 o) y - H .......... (1) 

wherein, n is an integer of 0-20. x and y represent respective different ones of integers 0-20. and a sum of x and y is in 

[uSe 3 ] 6 'inalirst preferred form of the above fourth aspect of the present invention, n is an integer of 0-9, x and y rep- 
resent respective different ones of integers 0-10. and a sum of x and y is in a range of 0-10. 
rb037] InTsecond preferred form of the above fourth aspect of the present .nvention, the compound represented by 
the above formula is nonyl phenol or a substance obtained by addition polymerization of 1-10 mol of ethylene ox.de to 
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the nonyl phenol. 

[0038] In a fourth preferred form of the above fourth aspect of the present invention, both of the 25%-compression 
force deflection value at -20°C and the 25%-compressiori force deflection value at +20°C are not larger than 
0.110kg/cm 2 . \ . - 

5 [0039] The above third object of the present invention may be attained according to a fifth aspect of the invention, 
which provides a vehicle interior member comprising a skin.layer, and a pad layer covered by the skin layer so as to 
absorb external energy applied to the vehicle interior member, wherein at least a portion of the pad layer is formed of a 
soft polyurethane foam which has a rebound resilience percentage of not higher than 30% and whose temperature 
dependency of compression force deflection represented by a difference between a 25%-compression force deflection 

10 value at -20°C and a 25%-compression force deflection value at +20°C is not larger than 0.030kg/cm 2 . . ' , 
[0040] The vehicle interior member constructed according to the above fifth aspect of the present invention exhibits 
a high degree of energy absorbing characteristics while assuring a good feel as given to the user. 
[0041 ] In a first preferred form of the above fifth aspect of the present invention, both of the 25%-compression force, 
defl ction value at ^20°C and the 25%-compression force deflection value at +20°C are not larger than 0.1 lOkg/crn 2 . 

15 [0042] In a second preferred form of the above fifth aspect of the present invention, the vehicle interior member is a 
headrest comprising a bag-like skin member as the skin layer, the skin member having an inside spkce, a pad material 
as the pad layer, the pad material filling the inside space of the skin member, and a core member having an inner por- 
tion fixed within the pad material and an outer portion projecting from a surface of the skin member, wherein at least a 
portion of the pad material is formed of the soft polyurethane foam. 

20 [0043] The headrest constructed according to the above second preferred form effectively absorbs a shock when, the 
passenger hits the head against the headrest in the event of a rear-end collision of the vehicle, so as to protect the pas- 
senger from a whiplash injury. 

[0044] In a third preferred form of the above fifth aspect'of the present invention, the vehicle interior member js a seat- 
back comprising a seat back cover as the skin layer, a seat back frame, and a seat back pad as the pad layer, the seat 
25 back pad being interposed between the seat back cover and the seat back frame, whiereih at least a portion of the seat 
back pad is formed of the soft polyurethane foam. 

[0045] In a fourth preferred form of the above fifth aspect of the present invention, the soft polyurethane foam is pro- 
duced by reaction of a polyol component having an average molecular weight of 2000-8000 and an organic polyisocy- 
anate.in the presence of a mbnohydric alcohol having a molecular weight of not larger than 100. : : 
30 [0046] In a fifth preferred form of the above fifth aspect of the present invention, the polyurethane foam is produced 
by reaction of a polyol component with an organic polyisocyanate, wherein the polyol component comprises polyoxy- 
alkyiene polyol having an average functionality of 2-8 and a hydroxyl equivalent of 900-3300, and the reaction is 
effected in the presence of a compound represented by the following formula (1), in an amount of 0.005-0.1 mol per 
100g of the polyol component, 



so , wherein, n is an integer of 0-20, x and y represent respective different ones of integers 0-20, and a sum of x and y is in 
a range of 0-20. 

[0047] ' In a sixth preferred form of the above fifth aspect of the present irivention, n is an integer of 0-9, x and y rep- 
resent respective different ones of integers 0-i0, and a sum of x and y is in a range of 0-1 0. . 
[0048] In a seventh preferred form of the above fifth aspect of the present invention, the compound represented by 
55 the above formula is nonyl phenol or a substance obtained by addition polymerization of 1 -10 mol of. ethylene oxide to 



35 



40 



(C n H 2n+l) - C 6 H 4 - O ( CH 2 CHO)/ — 

CH 3 



45 





(1) 



the nonyl phenol. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

100491 The above and optional objects, features, advantages and technical significance of the present invention , will 
bebetter understood by reading the following detailed description of presently preferred embod.ments of the invention. 
5 when considered in conjunction of the accompanying drawings, in which: 

• Fig 1 is a longitudinal cross sectional view of a headrest as one example of a vehicle interior member constructed 

according to the.f irst embodiment and the headrest of Example 23 according to the th.rd embod.ment of the present 

S'sESih showing a time-displacement curveupon application of an impact to the headrest of Comparative 

• Sample 4 according to the first embodiment and the headrest of Comparative Example 1 1 according to the th.rd 
embodiment . ' .. .. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS " 

[00501 '■>■ Tne soft polyurethane foam according to the present invention has flexibility that permits free deformation 
S upon receivings load, and restores its original shape upon removal of the load therefrom, ^ent soft poly- 
urShaneteam Hasa Abound resilience percentage of.not higher than 30%. preferably not higher than 25%. so that the 
^SSh4 foam exhibits a high degree of. energy absorbing character^ The f^^.^Z 
is measured in accordance With a method A specified in section "9: Rebound resilience of JIS-K 6400 (199p. If the 
r^SSe&ceKteoe" exceeds 30%, the soft polyurethane foam does not exhibit suff C ,«it energy absorbmg 

S e T^oft ^ polyurethane foam according to the present invention has temperature dependency of concession 
force deflection of not larger than' aOSOkg/cm* Described in detail, the temperature .dependency o ^mpress^n 
forcedeflectionisrepreserrtedbyad^^^ 

coLessibn force deflection value at + 20°C [A25%CFD = (25%<ompression force deflection value at-20'C) - (25 £ 
. 3S force deflection value at + 20'C)]. According to this arrangement, the hardness of Ihe 
Sm is riot significantly dependent on a change of the ambient temperature. Accord.ngly, even when the temperature 
?the S that gives £e s6ft polyurethane foam is comparatively low at a comparatively low ambiemtornperatore. »e 
soft polyurethane feari does riotsuff* from deterioration of-te feel as given to the user..- • ' ■ .. 

■ rSS Sbove-described feel of the polyurethane foam is evaluated by a sensory test, .n which the po yuretoane 
- oam s examined of its shape restoring characteristic after it is compressed with a predetermined force. Namely, the 

40- Sthe polyurethane foam has a bad feel if .it restores its original shape a long time after the removal of the compres- 
st^terc^ deflection values of the polyurethanefoam are measu ed 

acSto ASTM-D-3574 at predetermined temperature values, i.e.. at -20°C and + 20»C. respectively. In general rt 
S Relatively long period of time for the polyurethane foam to restore -its original shape when rt recedes a load at a 

is SjSSSSiort force deflection values are obtained by compression to reduce tine imtia, ^»P** 

' t mSralure dependency of the compression force deflection (A25%CFD) is obtained, ff the tempera ure dependency 
.. ofSmpresSon force'def lection exceeds O^Okg/cm*. the fee. of the polyurethane foam M«^4»M£ 
'increase of its hardness when the resin temperature of the polyurethane foam .s relatively tow.ln tern- 
peZe dependency of the compression force deflection (A25%CFD) needs to be hot larger.than O.OSOKg/cm?. p* 

,25%-cdmpression force deflection value at + 25°C are not larger than O.II.Okg/cm?. preferably ,nthe ^nge .0,020- 
OOSOkg/cm*. more preferably, in the range of 0.030-0.0 7 0kg/cm 2 . still more preferably in the range of 0 040- 
OOTOkg/cri^ whereby the soft polyurethane foam can exhibit its excellent properties to a (satisfactory extern : If ft.e 
25%^ompression force deflection values at -20°C and + 20°C exceed O.IIOkg/cm 2 . the hardness of the soft poly- 
ur^TSm Leases to a great extent, whereby the feel of the cushioning, characteristics of the soft polyurethane 
foam is considerably deteriorated. 
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[0054] The soft polyurethane foam having the rebound resilience percentage and temperature dependency of the 
compression force deflection (A25%CFD) as specified above is used as a material for vehicle interior members such as 
a steering wheel, an instrument panel, a seat cushion, a seat back, a door trim, a pillar, a knee pad and a headrest. The 
vehicle interior members formed of the present soft polyurethane foam exhibit a high degree of energy absorbing char- 
5 acteristics and assure a good feel as felt by the vehicle passenger. Described in detail; the vehicle interior members 
generally include a skin layer, a frame member or a core member, and a pad layer which is interposed therebetween 
and which absorbs external energy applied to the interior members. In the present invention, at least a portion of the 
pad layer is formed of the soft polyurethane foam having the rebound resilience percentage and temperature depend- 
ency of the compression force deflection (A25%CFD) as specified above. 1 ■ 
io [0055] Fa instance, the present soft polyurethane foam is used in a headrest as one example of the vehicle interior 
members. Referring to Fig. 1 , there is shown such a headrest including a bag-like skin member 2 (as the skin layer) hav- 
ing an rejde space, a pad material 10 (as the pad layer) filling the inside space of the skin member 2, and a core mem- 
ber 8 having an insert 4 fixed within the pad material 1 0 and a stay 6 fixed to the insert 4 and projecting from the surface 
of the skn member 2. In this headrest, at least a portion of the pad material 10 is formed of the soft polyurethane foam 

-75 accoAng to the present invention. The headrest is attached to a seat back of a vehicle seat such that the stay 6 is fixed 
to the io» portion of the seat back, so that the headrest absorbs a shock generated upon hitting of the. head of the 
vehicte passenger agamst the headrest in a direction indicated by an arrow in Fig! 1 . Accordingly, in a collision or crash 
accident o* the veh»cte t the shock generated upon hitting of the head against the headrest in the direction indicated by 
the arrow b effect vety absorbed by the soft polyurethane foam which at least partially forms the pad material 1 0 of the 

20 headrest Accordingly, the vehicle passenger is protected from suffering from a whiplash injury. 

[0056] Referring next to Fig. 2, there is shown a seat back 12 of a vehicle seat as another example of the vehicle inte- 
rior rnembers. in which the present soft polyurethane foam is used. Described in detail; the vehicle seat shown in Fig. 
2 consists of the seat back 12 which supports the back of the passenger, and a seat cushion 14 which supports the 
buttocks The seat back 12 includes a seat back frame 16, a seat back pad 18 as the pad layer, and a seat back cover 

25 20 (as the skm layer) covering the seat back pad 1 8. In the present invention, at least a portion of the seat back pad 1 8 
is formed of the soft polyurethane foam having the rebound resilience percentage and temperature dependency of the 
compression force deflection as specified above, whereby the seat back 12 exhibits excellent energy absorbing char- 
acteristics, and assures a good feel or good cushioning characteristics. 

[0057] According to a first embodiment of the present invention, the soft polyurethane foam having the excellent prop- 
30 ertes as described above is formed by reaction of an active hydrogen compound and an organic polyisocyanate, in the 
presence of water. As the active hydrogen compound, a polyether triol having a hydroxyl equivalent of 900-1500 and 
containing 5-30 wt,% of terminal polyoxyethylene units connected to its ends by addition polymerization of ethylene 
oxide, and a polyether diol having a hydroxyl equivalent of 1010-1500 and containing 5-30 wt.% of terminal polyoxyeth- 
ylene units connected to its ends by addition polymerization of ethylene oxide are mixed in a weight ratio of 80/20 ~ 
35 0/100. 

[0058] Described more specifically, the polyether triol is obtained by addition polymerization of at least one kind of 
alkylene oxide to a starting material having a functionality of 3, such that the polyether triol to be obtained has the . 
hydroxyl equivalent of 900-1 500, and such that the content of the terminal polyoxyethylene units connected to the mol- 
ecule ends of the polyether triol among all alkylene oxide units connected to the starter by the addition polymerization 

AO is 5-30 wt.%. The pbiyether diol is obtained by addition polymerization of at least one kind of alkylene oxide to a starting 
/ material having a functionality of 2 and, such that the polyether dioi to be obtained has a hydroxyl equivalent of 1010- 
1500, and such that the content of the terminal polyoxyethylene units connected to the molecule ends of the polyether 
diol among all alkylene oxide units connected to the starting material by the addition polymerization is 5-30 wt.%. The 
hydroxyl equivalent is obtained by dividing the molecular weight of the active hydrogen cornpound by the functionality 

45. of the starting material. 

[0059] As the starting material having the functionality of 3 that gives the polyether triol described above, trihydroxy 
compounds such as glycerin and trimethylolpropane or alcanol amines such as triethanol amine and diethanol amine 
are used. As the starting material having the functionality 2 that gives the polyether diol described above, dihydroxy 
compounds such as ethylene glycol and diethylene glycol or aromatic compounds such as aniline and bisphenol A are 
so used. Examples of the alkylene oxide connected to these starting materials by the addition polymerization include eth- 
ylen oxide and propylene oxide. 

[0060] The polyether triol and the polyether diol described above have the terminal polyoxyethylene units in their mol- 
ecule ends, for promoting the reaction thereof with the organic polyisocyanate. The content of the terminal polyoxyeth- 
ylene units is in the range of 5-30wt.%. The content of the terminal polyoxyethylene units smaller than 5wt.% lowers the 
55 reactivity of the reaction mixture, and therefore it requires a relatively long period of time before the reaction is com- 
pleted, i.e., before the obtained soft polyurethane foam is completely cured. On the other hand, the content of the ter- 
minal polyoxyethylene. units exceeding 30wt.% accelerates the reaction to an undesirable extent, causing shrinkage of 
the obtained soft polyurethane foam. 
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rooeil' When the hydroxyl equivalents of the polyether triol and the polyether diol used as the active hydrogen , oom- 
Sfnd ex^ed the upSr taitTe 1 500. the rebound resilience percentage of the soft polyurethane foam to be obtained 
to S NgS S£k energy absorbing characteristics. On the other hand, when the «*«£<^ 
oMhe cXSer trio, and the polyether diol are below the respective lower limits re.. 900 and 1010 the soft ^poly- 
riZ!Xm to be obtained undesirably has large temperature dependency of the compression^ InM 
*ew of this, the hydroxy! equivalents of the polyether triol and the pdyether d.o. need to be held ,n the 
range of 900-1500 and in the range of 1010-1500, respectively. 

rooLl As the active hydrogen compound of the present embodiment, a so-called polymer polyol is suitably used. As 
LTknown rtd * Sained by polymerization of a suitable ethylenically unsaturated compound m a . 

^S^mjSZ £ and polyether diol. As the ethylenicalty unsaturate compound for preparing the polymer 
So it s pSS 

S Swhen the polyether diol is used alone, the polyether triol and the polyether diol are used .n combinaton 

s faroer than 80/20. in other words, if the amount of.the polyether .triol with respect to ^at of the ; P 0 ^^' 5 ^. 
"Jge Sb^hd resilience percentage of the soft po.yurethane foam to be obtained tends to be high, deteriorating its 

S tlt^SSSanate to be reacted with the active hydrogen compound formed of t^^rtno, 
Indfte boteiher diol described above for forming the polyurethane. any known organs polysocyana es are^surtabfy 
Teti Mn me Sen? embodiment, it is preferable to use polymethylene polyphenylisocyanate or 2 .4-tolylened, 15 ocy- 
aXe S"tronSr^«Uw»M (2-6-TDI). The polymethylene polyphenyKsocyanate , , a^xtureof 
^■^^S^Lc^ini purified MDI in a weight ratioof 100/0 - IMS. The c^de MDI conte^ 
4o2r%of44-MDI 0-10wt.%of2,4'-MDI. 0-2 wt.% of 2.2--MDI. arid 50-60 wt^dmethylene-crosslnkedpol^he, 
toS££rtL having three or more benzene nuclei, while the purified MDI contains 0-50 wt% of an.somermixture 
cShaT2?Sand 2 4'-MDI. and 50-100 wt.% of 4.4--MDI. In the 2.4-TDI and/or 2.6-TDI. though the ratio of the 

encethe effect of the present embodiment, the ratio is preferably held wrth,n the £«J* „«* a «. • 

oressior force deflection (A25%CFD) of the obtained soft polyurethane foam tend to shghtly increase, , 
HST ES x^embbdiment it is preferable to use as the organic polyisocyanate a r*W*™£^ 
Sna e K its ends. This prepolymer is obtained by reacting the polymethylene P olypheny..socyanate^ at 
SfonfpoS polyol for modifying isocyanate. which at least one polyether polyo has an average^nctt^ of 
iTaS aSS equivalent of 800-2000 and is formed by addition polymerization of alkyleneoxrfe hav,ng ttue .or 
/^S3mS^%!UMo^ motor « of aD^* »>«l^i«-J-- "'.SSEfSSEX 
NCO^rtert of 10-30% preferably 20-30%. As specified above, the hydroxyl equivalent is obtamed byjvtdmg the 

functionality means the functionality of the starting material. „jjh,«>.«« 
S Thesterting material towhicft the predetermined alkylene oxide and ethylene o^are^wwi^ ^.addh 
S, y ^^^^ isocyanate-modifying polyether polyo. is surtably selected from 

an^SScl starting materia* having a functional of 1-4. Examp.es of such W"^^/^ 
ethylene glycol, diethylerie glycol, glycerin, trimethylolpropane. dig.ycenn. polyethano.am.ne and penta*- 
Sritol TW6 ormore of these starting materials may be used in combination. As the alMene ox.de connected to the 
SnS^TwaoSition polymerization, propylene oxide, ethyiene oxide, butylene ox.de «d 
uS. for exampie The addition polymerization is effected in a block or random f™™**™** "*JJ* ° f *• 
alkylene oxide having three or more carbon atoms to the ethylene ox.de .s held in the range of 20/80 "100/0 
SbM « the mblar amount of the ethylene oxide in the addition polymerisation for terming the «ocyan^e-mod^fymg 
' - Sher odvoSlame wrth respect to the molar amount of the alkylene oxde with three or more carbon atoms, n 

DolSSnate is considerably deteriorated, resulting.in deposition thereof within several hours at ta r«m.tWT» 
£ ^TtSro^Tequiva. Jof the isocyanate-modifying polyether polyol is smallerthan 800, the dMdrt^ 
urShanVfoSTuSs from undesirably large temperature dependency of the nr^lmMM 
SSSoTSi the other hand, if the isocyanate-modifying polyether polyol has the hydroxyl equivalent exceeding 
^ZL^Ze^m larger than 4. the rebound resilience percentage of the obtained soft polyurethane 
foam tends to be undesirably high, deteriorating its energy absorbing characteristics. 
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[0069] According to a second embodiment of the present invention, the soft polyurethane foam having the rebound 
resilience percentage of not higher than 30% is produced by reaction of a polyol component having ah average molec- 
ular weight of 2000-8000, preferably 3000-6000, and an organic polyisocyanate in the presence of water, wherein the 
reaction is effected in the presence of a monohydric alcohol having a molecular weight of not larger than 100. 
5 [0070] ■ In the polyurethane-forming reaction according to this second embodiment, the organic polyisocyanates 
described with respect to the preceding first embodiment may be used, Examples of the organic polyisocyanate include 
tolylene diisocyanate, phenylenediisocyanate, xylylene diisocyanate, diphenylmethane diisocyanate, triphenylmethane 
triisocyanate, polymethylene polyphenylisocyanate, naphthalene diisocyanate, and derivatives thereof (e.g., prepoiy- 
mers obtained by reaction with the polyols, and modified polyisocyanates). In the present embodiment, the polymethyl- 
io ene polyphenylisocyanate and the tolylene diisocyanate are' preferably used as the organic polyisocyanate. 

[0071] As the polyol component to be reacted with the polyisocyanate for producing the polyurethane, any one of, or 
any combination of, various polyols such as polyvalent hydroxy compounds, polyether polyols and polyester polyols is 
. used. In the present embodiment, the polyol component having an average molecular weight in the range of 2000-8000, 
pref rably in the range of 3000-6000 is preferably used, if the average molecular weight of the polyol component to be 
; 15 w . used is smaller than 2000, the feel of the obtained polyurethane foam is deteriorated and its rebound resilience percent- 
age is too low. In addition, the curing of the polyurethane foam tends to be insufficient. On the other hand, if the average 
molecular weight of the polyol component is larger than 8000, the rebound resilience percentage tends to be too high, 
wh reby the obtained soft polyurethane foam does not have the desired rebound resilience percentage of not higher 
than 30%. When a plurality of polyols are used in combination as the polyol component, the average molecular weight 
20 of the polyol component is calculated on the basis of number average molecular weights and contents of the respective 
polyols. 

[0072] In the present embodiment, the polyol component may be a combination of at least one polyol and a polymer 
polyol. Owing to the inclusion of the polymer polyol in the polyol component, the average molecular weight of the polyol 
component is increased as a whole. According to the present embodiment, the polyurethane foam to be obtained has 
25 a relatively low rebound resilience percentage even when the pdyol component having a high average molecular 
weight is used. The increase in the average molecular weight of the polyol component Is effective to improve the tem- 
perature dependency of the compression force deflection of the polyurethane foam to be obtained, and reduce the 
required time for curing the polyurethane foam, thereby enhancing its productivity. 

[0073] As described in the preceding first embodiment, the polymer polyol to be contained in the polyol component is 
30 obtained by polymerizing a suitable ethylenically unsaturated compound in the polyols such as polyether polyol and pol- 
yester polyol. 

[0074] The polymer polyol is contained in the polyol component in an amount of 30-70 wt.%i preferably 40-60 wt.%. 
This amount of the polymer polyol exceeding 70 wt.% deteriorates the feel or cushioning characteristics of the obtained 
polyurethane foam. In this case, the polyurethane foam is riot likely to restore its original shape immediately after it has 

35 been deformed by a compression force. On the other hand, the amount of the polymer polyol smaller than 30 wt.% does 
hot permit a sufficient increase in the average molecular weight of the polyol component for providing the polyurethane 
foam having the desired low rebound resilience percentage, whereby the temperature dependency of the compression 
force deflection of the obtained polyurethane foam is not improved to a satisfactory extent. Further, it requires a rela- 
tively long period erf time for the polyurethane foam to be completely cured. . 

40 [0075] As the at least one polyol to be used in combination with the polymer polyol, at least one of polyether polyol 
and polyester polyol is preferably used. The polyether polyol used in the present embodiment is obtained, for example, 
by addition-polymerizing at least one of ethylene oxide, propylene oxide, butylene oxide, tetrahydrofuran, and styrene 
oxide, to polyvalent hydroxy compounds, polyamiries or alkanolamines. the polyester polyol used in the present 
embodiment is obtained, for example, by reacting at least one compound having at least two hydroxy! groups such as 

45 ethylene glycol or propylene glycol, with at least one compound having at least two carboxyl groups such as rrialonic 
acid, maieic acid, succinic acid, adipic acid or phthalic acid 

[0076] In forming the polyurethane according to the present embodiment, the reaction of the polyol component having 
an average molecular weight of 2000t8000 and the organic polyisocyanate is effected in the presence of a monohydric 
ale hoi having a molecular weight of not larger than 100, whereby the desired soft polyurethane foam having a low 
50 r bound resilience percentage can be advantageously obtained even when the polyol component with a high molecular 
weight is used. 

[0077] The monohydric alcohol used in the present embodiment needs to have a molecular weight of not larger than 
100, and is suitably selected from among methanol, ethanol, propanol, isopropanol, butanol, isobutahol, pentanol, and 
isopentanol, for instance. It is preferable to use the monohydric alcohol having a molecular weight of not larger than 74. 
55 If the molecular weight of the monohydric alcohol exceeds 1 00, the obtained polyurethane foam does not have a suffi- 
ciently lowered rebound resilience percentage. 

[0078] The amount of the monohydric alcohol to be present in the reaction system is suitably determined depending 
upon the average molecular weight of the polyol component. In general, the monohydric alcohol is used in ah amount 
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of 0 1-15 parts by weight, preferably 0.5-5 parts by weight, per 100 parts by weight of the polyoi component.. If the 
amount of the monohydric alcohol is smaller than the above lower limit, the advantages to be provided by the addition 
of the monohydric alcohol are not obtained. On the contrary, the excessive amount of the monohydric alcohol undesir- 
ably delays the reaction for forming the polyurethane. resulting in a longer curing time and lowered production efficiency 
of the polyurethane foam. Moreover, the temperature dependency of the compression force deflection of the obtained 
polyurethane foam is adversely influenced. 

[0079] According to a third embodiment of the present invention, the soft polyurethane foam which has the rebound 
resilience percentage of not higher than 30% and whose temperature dependency of the compression force deflection 
(A25%CFD) is not larger than O.OSOkg/cm 2 is obtained by reaction of an organic polyisocyanate and a mixture of a 
polyoi component and water, wherein the polyoi component comprises polyoxyalkylene polyoi having an average func- 
tionality of 2-8 and a hydroxy! equivalent of 900-3300. and the reaction is effected in the presence of a compound rep- 
resented by the following formula (1). in an amount of 0.005-1 mol per lOOg of the polyoi component, 

(CnH 2n + i)~ C 6 H 4 - O (cH 2 CHOU- 
GH 3 



-(cH2CH20) y — H .......... (1) 

wherein, n is an integer of 0-20. x arid y represent respective different ones of integers 0-20. arid a sum of x and y is in 

the range of 0-20. «. 
[00801 • Described more specifically, the polyoxyalkylene polyoi advantageously used as the polyoi component in the 
present embodiment is obtained by addition polymerization of alkylene oxide such as ethylene oxide or propylene ox.de 
to a starting material such as water, dipropylehe glycol, glycerin, trimethylol propane, diglycerin, pentaerythrrtol. sorbitol 
or sugar The poiyoxyalkylerie polyoi has an average functionality of 2-8 and a hydroxyl equivalent of 900-3300. If the 
average functionality of the polyoxyalkylene polyoi to be used is smaller than 2. the reaction with the organic polyisocy- 
anate does not proceed to a sufficient extent to provide a satisfactory polyurethane resin, resulting in defeneration of its 
productivity. On the other hand, the average functionality larger than 8 causes shrinkage of the soft polyurethane foam 
which is demolded after the foaming reaction. Although the hydroxy! equivalent smaller than 900 results in a lowered 
rebound resilience percentage, of the soft polyurethane foam to be obtained, the temperature dependency of the com- 
pression force deflection (A25%CFD) of the polyurethane foam undesirably tends to be large when the hydroxyl equiv- 
alent is smaller than 900. The hydroxyl equivalent larger than 3300 increases the viscosity of the polyoi, making its 

handling difficult , . • 

[0081 ] In the present embodiment, a so-called polymer polyol.may be used, as the polyoi component, in combination 
with the polyoxyalkylene polyoi described above. As described in the preceding first and second embodiments, the pol- 
ym r polyoi is obtained by polymerising an ethylenically unsaturated compound such as acrylonitrile or styrene in the 
polyoxyalkylene polyoi. The polymer polypi is us^d in an amount of 0-60 parts by weight per 100 parts by weight of the 
polyoi component/If the amount of the polymer polyoi is excessive, the temperature dependency of the compression 
force deflection (A2S%CFD) of the obtained soft polyurethane foam tends to be large. Besides the above-described pol- 
ym r polyoi which is used together with the polyoxyalkylene polyoi, a known polyoi compound such as polyester polyoi 
and a ring-opening polymerization product of tetrahydrofuran may be Used. 

[0082] As the organic polyisocyanate to be reacted with the polyoi component described above for forming the poly- 
urethane in this third embodiment, the organic polyisocyanates described with respect to the preceding first and second 
' embodiments may be used. Examples of the orgariic polyisocyanate include tolylene diisocyanate. phenylene diisocy- 
anate xylylerie diisocyanate, diphenylmethane diisocyanate, triphenylmethane triisocyanate. polymethylene polyphe- 
ny! polyisocyanate. naphthalene diisocyanate and derivatives thereof (e.g.. prepolymers obtained by reaction with 
polyols. and modified polyisocyanates): In the present embodiment, it is preferable to use polymethylene polypheny! 
polyisocyanate as the organic polyisocyanate. Further. 4,4-diphenylmethane diisocyanate or 2,4'HJtphenylmethane 
diisocyante or mixture thereof (purified MDI) and polymeric MDI (crude MDI) are blended jn a weight ratio of 30/70 - 
90/10 so as to provide the organic polyisocyanate used in the present embodiment. If the ratio of the purified MDI is 
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lower than 30 wt%, the obtained soft polyurethane foam has an increased hardness value, so that its feel is deterio- 
rated. Further, the rebound resilience percentage of the soft polyurethane foam undesirably tends to be high, if the ratio 
of the purified MDi is lower than 30 wt.%. On the other hand, if the ratio of the purified MDI is higher than 90 wt.%, the 
organic polyisocyanate is crystallized at a low temperature, making its handling difficult. In the present embodiment, a 
5 prepolymer having terminal isocyanates in its ends may be preferably used as the organic polyisocyanate, which pre- 
polymer is obtained by partially urethane-modifyjng a mixture of the purified MDI and the crude MDI which are mixed in' 
a weight ratio of 30/70 - 90/10, with the polyol component. 

[0083] In the reaction between the organic polyisocyanate described above and the selected polyol component, a 
suitable mono-ol compound represented by the above formula (1) is present in the reaction system, to provide the soft 
io polyurethane foam having the low rebound resilience percentage and the temperature dependency of the compression 
force deflection (A25%CFD) as desired. 

[0084] In the above formula (1) that represents the mono-ol compound, if n is larger than 20, the rebound resilience 
percentage of the obtained soft polyurethane foam is not sufficiently lowered and its productivity is deteriorated. Fur- 
ther, if x, y or the sum of x and y is larger than 20, the monp-ol compound is solidified, making its handling difficult, and 
is the rebound resilience percentage of the obtained soft polyurethane foam-is not lowered, whereby its productivity is 
deteriorated. Accordingly, in the above formula (1), n is an integer of 0-20, x and y represent respective different ones 
of integers 0-20, and the sum of x and y is in the range of 0-20. Preferably, n is an integer of 0-10, x and y represent 
respective different ones of integers 0-10, and the sum of x and y is in the range of 0-10. 

[0085] Examples of the compound represented by the above formula (1) include: alkyiphenols such as phenol, meth- 
20 ylphenol, ethylphenol, propylphenol, butylphenol, pentylphenol, hexylphenol, heptylphenol, octylphenol and nonylphe- 
hol; and substances obtained by addition polymerization of ethylene oxide and/or propylene oxide to the alkylphenp|s. v 
In the present embodiment, it is preferable to use nonylphenol or a substance obtained by addition polymerization of 1 - 
10 mol of ethylene oxide to nonylphenol. 

[0086] The mono-ol compound represented by the above formula (1 ) is used in an amount of 0.005-0. 1 mol per 1 0Og 
25 of the polyol component. If the amount of the monb-ol compound is smaller than 0.005 mol, the soft polyurethane foam 
to be obtained does not have a sufficiently lowered rebound resilience percentage. On the other hand, though the 
amount of the mono-ol compound larger than 0.1 mol is effective to lower the rebound resilience percentage of the 
obtained soft polyurethane foam, it results in deterioration of the productivity of the soft polyurethane foam, a rise in the 
compression force deflection value at a low temperature, and an increase in the temperature.dependency of the com- 
30 pression force deflection. The mono-ol compound represented by the above formula (1 ) is used preferably in an amount 
of 0.01 -0.08 mol per 100g of the polyol component. 

[0087] In the above-described polyurethane-forming reactions: between the active hydrogen compound and the 
organic polyisocyanate; between the polyol component and the organic polyisocyanate in the presence of the monohy- 
dric alcohol; and between the polyol component and the organic polyisocyanate in the presence of the mono-ol com- 

35 ponent, water is used in an amount of 2.0-6.0 parts by weight, preferably 2.5-5.0 parts by weight, per 100 parts by v 
weight of the active hydrogen compound or the polyol component. The water reacts with the isocyanate group in the 
polyisocyanate to produce C0 2 gas, so that the desired polyurethane foam is obtained. Thus, the water functions as a 
foaming agent. If the amount of water to be used is smaller than 2.0 parts by weight, the obtained polyurethane foam is 
not foamed to a satisfactory extent, to thereby increase its density. The amount of water exceeding 6.0 parts by wejght 

40 does not significantly increase the foaming ratio. In this case, the obtained soft polyurethane foam suffers from a low- 
ered quality such as irregular voids or cells. 

[0088] In the above-described polyurethane-forming reactions, suitable additives known in the art such as a catalyst, 
a cross-linking agent a foaming agent, a foam stabilizer, a flame retardant, a viscosity-reducing agent, a stabilizer, a 
filler and a coloring agent are added to the respective reaction mixtures. As the catalyst, amine urethane catalysts such . 

45 as triethyienediamine and dimethylethanolamine or organometallic urethane catalysts such as tin laurate and tin 
octanoate are used. In the present invention, while the water is generally used as the foaming agent flort, methylene 
chlorid and C0 2 may be used as the foaming agent in addition to, or in place of the water, for instance. Examples of 
the foam stabilizer include "SFb<-274C n available from Toray • Dow Corning Corporation, Japan, "L-5390" available from 
NIPPON YUNICOR KABUSHIKI KAISHA, Japan, and "B-41 13" available from GOLDSCHM I DT t , Germany. As the 

so cross-linking agent, triethanplamine or diethanolamine is generally used. 

[0089] in producing the desired soft polyurethane foam by the reaction between the active hydrogen compound and 
the organic polyisocyanate according to the above-described first embodiment, the respective suitable amounts of 
water, the catalyst, the cross-jinking agent, the foam stabilizer and other auxiliaries are mixed with the active hydrogen 
compound, so as to provide a resin premixture. To the thus prepared resin premixture, the organic polyisocyanate is, 

55 added for reaction, to thereby provide the desired soft polyurethane foam. Described in detail, the resin premixture and 
the organic polyisocyanate aire mixed by using a known urethane foaming device such that the mixture has an isocy- 
anate index in the range of 60-1 10, preferably in the range of 65-100. The mixture is poured into a suitable mold, and 
then foamed, whereby the soft polyurethane foam having a desired shape is obtained. 
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[00901 In producing the desired soft polyurethane foam by the reaction between the polyol component and the organic 
polyisocyanate in the presence of the monohydric alcohol according to the above<iescnbed second en*°d,merrt the 
respective suitable amounts of the monohydric alcohol, water, the catalyst, the cross-linking agent, the foam stabilizer 
and other auxiliaries are mixed with the polyol component, so as to provide a resin premixture. To the thus prepared 
resin premixture. the organic polyisocyanate is added for reaction, to thereby provide the desired soft polyure hane 
foam Described in detail, the resin premixture and the organic polyisocyanate are mixed by using a known urethane 
foaming device such that the mixture has an isocyanate index in the range of 60-120, preferably .n the range of 70-1 ia 
The mixture is poured into a.suitable mold, and then foamed. Whereby the soft polyurethane foam having a desired 
shape is obtained. . . . 

[00911 In producing the desired soft polyurethane foam by the reaction between the polyol component and the organic 
boiyisocyanate in the presence of the mono-ol compound represented by the above formula (1 ) according to the above- 
described third embodiment, the respective suitable amounts of the mono-ol compound, water, the catalyst, the cross- 
linking agent, the foam stabilizer, and other auxiliaries are mixed with the polyol component, so as to provide a resin 
premixture To the thus prepared resin premixture, the organic polyisocyanate is added for reaction, to thereby provide 
the desired soft polyurethane foam. Described in detail, the resin premixture and the organic polyisocyanate are mixed 
by using a known urethane foaming device such that the mixture has ah NCO/OH ratio in the range of O60-1J0. The 
mixture is poured into a suitable mold, and then foamed, whereby the soft polyurethane foam having a desired shape 
Is obtained If the NCO/OH ratio is lower than 0.60. the hardness of the obtained polyurethane foam is too low. while 
the harness of the polyurethane foam is too high and its productivity is deteriorated if the NCO/OH ratio is higher than 
■Q » 1.10. ■•; 

EXAMPLES 

' ' • • • • ' ' • / 

[0092] To further clarify the present invention, there will be described some examples of the present invention. It is to 
- 25 be understood that the present invention is hot limited to the details of the following examples. '™ m^be «nb^ 
. with various changes, modifications and improvements which may occur to those skilled in the art without departing 
'.; from the scope of the presentjnvention defined in the attached claims. In the following examples, the units parts and 
are on a weight basis unless otherwise specified. 

30 : [Examples 1-15 and Comparative Examples 1-18] 

I. Preparation of organic polyisocyanates A-M 

(1) Organic polyisocyanate A 



[00931 To pdymethylene polyphenyliso'cyanate consisting of 82.0 parts of purified MDI which contains 35.0% of 2 4 - 
MDI isomer and 18 0 parts of crude MDI which consists of 43.0% of MDI and 57.0% of methylene-crosslinked polyphe- 
nylpdyisocyanate havingat least three benzene nuclei and an NCO content of 31.0%. there was added 16.0 parts of 
>-vl . ' an is^yanate^modifying poiyether polyol which is obtained by addition polymerization of propylene oxide as JMene 
O " 40 oxide to glycerin as a starting material (functionality of the starting material; hydroxyl equrvalent=1700; and EO con- 
tent^). The mixture was reacted at 80»C for two hours while it was stirred, to thereby provide an organic polyisocy- 
anate A (NCO content=28.1%) in the form of a prepolymer. 

(Z) Organic polyisocyanate B 

i00S4] To polymethylehe polyphenylisocyanate consisting of 82.0 parts of purified MDI which contains 27.0% of 2.4'- 
MDI isomer and 18.0 parts of crude MDI which consists of 43.0% of MDI and 57.0% of methylene-crosslinked polyphe- 
nylpblyisocyanate having at least three benzene nuclei and an NCO content of 31.0%. there was added 148 parts of 
ah isocyanat*modifying poiyether polyol which is obtained by addition polymerization of propylene ox.de and ethylene 
oxide as alkylene oxide to dipropylene glycol as a starting material (functionality of the starting mater.al=2; hydroxyl 
equivalent=1460; and EO content=20%). The mixture was reacted at 80°C for two hours while it was stirred, to thereby 
provide an organic polyisocyanate B (NCO cohtent=:28.4%) in the form of a prepolymer. 

(3) Organic polyisocyanate C 

55 [00951 To pdymethylene polyphenylisocyanate consisting of 78.0 parts of purified MDI which contains 2^0% of 2 4'- 
MDI isomer and 22.0 parts of crude MDI which consists of 43.0% of MDI and 57,0% of methylene-crosslinked polyphe- 
nylpolyisocyanate having at least three benzene nuclei and an NCO content of 31.0%. there was added 21.0 parts of 
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an isocyanate-modifying polyether polyol which is obtained by addition polymerization of propylene oxide and ethylene 
oxide as alkylene oxide to pentaerythritol as a starting material (functionality of the starting material=4; hydroxyl equiv- 
alent=900; and EO contents 4%). The mixture was reacted at 80°C for two hours while it was stirred, to thereby provide 
an organic polyisocyanate C (NCO content=26.5%) in the form of a prepolymer. 

5 ^ ... ■ . * \ ; • . . • 

(4) Organic polyisocyanate D 

[0096] To polymethylene polyphenylisocyanate consisting of 78.0 parts of purified MD I which contains 38.0% of 2,4- 
MDI isomer, and 22.0 parts of crude MDI which consists of 43.0% of MDI and 57.0% of methylene-crosslinked pblyphe- 
10 nylpolyisocyanate having at least three benzene nuclei and an NCO content of 31 .0%, there was added 24.3 parts of 
an isocyanate-modifying polyether polyol which is obtained by addition polymerisation of propylene oxide and ethylene 
oxide as alkylene oxide to diprppylene glycol as a starting material (functionality of the starting material=2; hydroxyl 
equivalents 000; and EO content=72%). The mixture was reacted at 80°C for two hours while it was stirred, to thereby 
provide an organic polyisocyanate D (NCO content=25.7%) in the form of a prepolymer. 

(5) organic polyisocyanate E \ . . 

[0097] To polymethylene polyphenylisocyanate consisting of 78.0 parts of purified MDI which contains 25.0% of 2,4'- 
. MDI isomer, and 22.0 parts of crude MDI which consists of 43:0% of MDI and 57.0% of methylene-crosslinked polyphe- 
20 riylpolyisocyanate having at least three benzene nuclei and an NCO content of 31 .0%, there were added 8.0 parts of 
the isocyanate-modifying polyether polyol used in the preparation of the organic polyisocyanate A (functionality of the 
. starting material=3; hydroxyl equivalents 700; and EO content=0%) and 8.0 parts of the isocyanate-modifying poly- 

ether polyol used in the preparation of the organic polyisocyanate B (functionality of the starting material; hydroxyl . 
. equivalents 400; and EO*content=20%). The mixture was reacted at 80°C for two hours while it was stirred, to thereby 
25 provide an organic polyisocyanate E (NCO corttent=23.4%) in the form of a prepolymer. 

(6) Organic polyisocyanate F 

[0098] The organic polyisocyanate F (NCO content=28. 1%) in the form of a prepolymer was prepared in a manner 
30 similar to that in the preparation of the organic polyisocyanate A, except that 1 8.0 parts of an isocyanate-modifying pol- 
yether polyol (functionality of the starting material=5; hydroxyl equivalents 700; and EO corttent=30%) was reacted 
with polymethylene polyphenylisocyanate, which isocyanate-modifying polyether polyol was obtained by addition 
polymerization of propylene oxide and ethylene oxide as alkylene oxide to a mixture of sorbitol and water in a mixing 
ratio of 75/25 as a starting material. 

35 . 

(7) Organic polyisocyanate Q 

[0099] The organic polyisocyanate G (NCO content=25.7%) in the form of a prepolymer was prepared in a manner 
similar to that in the preparation of the organic polyisocyanate B, except that 24.3 parts of an isocyanate-modifying pol- 
40 yether polyol (functionality of the starting materials ; hydroxyl equivalents 000; and EO contents 6%) was reacted 
with polymethylene polyphenylisocyanate. which isocyanate-modifying polyether polyol was obtained by addition 
polymerization of propylene oxide and ethylene oxide as alkylene oxide to methanol as a starting material. 

(8) Organic polyisocyanate H 

.45 

[01 00] The organic polyisocyanate H (NCO contertt=28. 1 %) in the form of a prepolymer was prepared in a manner 
similar to that in the preparation of the organic polyisocyanate B, except that 1 6.0 parts of an isocyanate-modifying pol- 
yether polyol (functionality of the starting material=3; hydroxyl equivalents 700; and EO content=95%) was reacted 
with polymethylene polyphenylisocyanate, which isocyanate-modifying polyether polyol was obtained by addition 
so polymerization of propylene oxide and ethylene oxide as alkylene oxide to glycerin as a starting material. The thus 
obtained organic polyisocyanate H was deposited after it was left at the room temperature for two hours, so that this 
organic polyisocyanate H could not be used for forming the soft polyurethane foam described below. . ■ 

(9) Organic polyisocyanate I / ■ 

[0101] To polymethylene polyphenylisocyanate consisting of 68.0 parts of purified MDI which contains 40.1% of 2,4'- 
MDI isomer, and 32.0 parts of crude MDI which consists of 40.0% of MDI and 60.0% of methylene-crosslinked polyphe- 
nylpolyisocyanate having at jeast three benzene nuclei and an NCO content of 30.0%, there was added 27.3 parts of 
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.10 



ah isocyanate-modifying polyether polyol which is obtained by addition polymer.zat.on of pro^lene ox.de as aWene 
oxide to glycerin as a starting material (functionality of the starting material; hydroxyl equ.valent=3000; and EO con- 
Snti%) The mixture was reacted at 80°C for two hours while rt was stirred, to thereby prov.de an organ.c poly.socy- 
anate I (NCO content=21 .4%) in the form of a prepolymer. 

(10) Organic polyisocyanate J 

[0102] The organic polyisocyanate J (NCO content=29.0%) in the form of a prepolymer was prepared in a manner 
similar to,that in »e preparation of.the organic polyisocyanate D. except that 1 1 .0 parts of an .so^nate-modrfying poh 
yether polyol (functionality of the starting material; hydroxyl equivalent^; and EO content=0%) was reacted with - 
^methylene polyphenylisocyanate. which isocyanate-modifying polyether polyol was obtained by addition polymeri- 
zation of propylene oxide as alkylene oxide to glycerin as a starting material. 

(11) Organic polyisocyanate K 

' [01031 As the organic polyisocyanate K (NCO cbntent=33.0%). poiymethylene polyphenylisocyanate i was used which 
consists of 78 0 parts of purified MDI containing 38.0% of 2,4'-MDI isomer, and 22.0 parts of crude MDI consisting of 
43.0% of MDI and 57.0% of methylene-crosslinked polyphenylpolyisocyanate having at least three benzene nuclei and 
an NCO content of 31.0%. 

(12) Organic polyisocyanate L 

[0104] As the organic polyisocyanate L (NCO content=48.3%), TDl (mixture of two isomers, i.e., 2,4-TDI and 2,6-TDI 
in a mixing ratio of 80/20) was used. 

(13) Organic polyisocyanate M 

[0105] To 50 0 parts of crude MDI consisting of 43.0% of MDI and 57.0% of methylene-crosslinked ^P h ^ n ^ 
cyanate having at least three benzene nuclei, 50.0 parts of the TDl (mixture of two isomers, he., 2.4-TDI and 2,6-TDI in 
a mixing ratio of 80/20) used in the preparation of the organic polyisocyanate L was added. The mixture was stirred for 
one hbur, so as to provide an organic polyisocyanate M (NCO cbntent=39.6%). 

* "II. Preparation of active hydrogen compounds 

35. (1) Polyether triol A 

[0106] the polyether triol A was obtained by addition^pdymerizihg ethylene oxide to ends of addition-pdymerjzation 
product. of propylene oxide to glycerin as a starting material. The polyether triol A has a hydroxyl equivalent of 750 and 
an EO content of 15%. 
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(2) Polyether triol B 



[01071 The polyether triol B was obtained by addition-polymerizing ethylene oxide to ends of ^ 6 ^^^ 0 ^ 
product of propylene oxide to glycerin as a starting material. The polyether triol B has a hydroxyl equivalent of 1 600 and 
45 an EO content of 17%. 

(3) Polyether triol G 

[0108] The polyether triol C was obtained by addition-pdiymerizing ethylene oxide to ends of addition-polymerization 
50 product of propylene oxide to glycerin as a starting material. The polyether triol C has a hydroxyl equivalent of 900 and 
an EO content of 15%. 

■ (4) Polyether triol D 

55 [0109] The polyether triol Dwas obtained by addition^lymerizing ethylene oxide to ends d 
product of propylene oxide to glycerin as a starting materiar. The polyether tr^ 
an EO content of 20%. 
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(5) Polyether diol E ' 

[0110] The polyether diol E was obtained by addition -polymerizing ethylene oxide to ends of addition-polymerization 
product of propylene oxide to dipropylene glycol as a starting material. The polyether diol E has a hydroxy! equivalent 
s of 10.10 and an EO content of 25%. 

(6) Polyether diol F 

[011 1] The polyether diol F was obtained by addition-polymerizing ethylene oxide to ends of addition-polymerization 
10 product s propylene oxide to dipropylene glycol as a starting material. The polyether diol F has a hydroxyl equivalent 
of 1500 and an EO content of 20%. , * J 

(7) Polyether diol G 

. is [01 12] _ The polyether diol G was.obtained by addition -polymerizing ethylene oxide to ends of. addition-polymerization 
product of propylene oxide to dipropylene glycol as a starting material . The polyether diol G has a hydroxyl equivalent 
of 1800 and an EO content of 20%. 



20 



(8) Polyether diol H 

[01 1 3] The polyether diol H was obtained by addition-polymerizing ethylene oxide to ends of addition-polymerization 
product of propylene oxide to dipropylene glycol as a starting material. The polyether diol H has a hydroxyl equivalent 
of 750 and an EO content of 17%. 

25 (9) Polyether polyol I 

[0114] The polyether polyoi I was obtained by polymerizing 10 parts of acrylonitrile and 10 parts of styrene in the pres- 
ence of 80 parts of the polyether triol C prepared as described above. 

so lil. Preparation of various resin premixtures 

[0115] There were prepared various resin premixtures by using the active hydrogen compounds prepared as 
described above, so that each resin premixture has the following composition. 

35 



40 



45 



active hydrogen compound 

silicon foam stabilizer ("SRX-274C" available from Toray • Dow Corning, Corporation, Japan) 
amine catalyst (1) fL-1020 M available from KATSUZAI CHEMICAL, Co., Ltd., Japan) 
amine catalyst (2) fA-r available from KATSUZAI CHEMICAL, Co., Ltd., Japan) 
water 



100.0 parts 
1.0 part 
0.50 part 
0.10 part 
3.5-4.0 parts 



[01 1 6] The resin premixtures and the organic polyisocyanates prepared as described above were mixed in various 
combinations as indicated in the following Tables 1-3 (Examples 1-15 according to the present invention and Compar- 
ativ Eamples 1-8). By using the thus obtained mixtures, various energy absorbing headrests as shown in Fig. 1 were 
produced. Described in detail, a bag-like skin member 2 having an inside space and a core member 8 which has an 

so insert 4 made of polypropylene were disposed in a molding cavity of a suitable mold Then, each of the mixtures pre- 
pared as described above was poured into the mold and reacted by heating, so that the mixture wais foamed to provide 
a soft polyurethane foam which gives a pad material 10 filling the inside space of the bag-like skin member 2. Thus, 
there was obtained a desired headrest in which the core member 8 is embedded in the pad material 10. During the 
foaming operation to provide the pad material 10, the soft polyurethane foam obtained by expansion of the mixture filled 

55 the inside space of the skin member 2 while pressing the skin member 2 against the inner surfaces of the mold which 
define the molding cavity, whereby the obtained headrest had a configuration following that of the molding cavity, and 
had an integral structure wherein the skin member 2, the core member 8 and the pad material 10 are bonded with one 
another. In the obtained headrest, a distance between a point P on the surface of the skin member 2 and the surface of 
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the core member 8 (as seen in the transverse direction of Fig. 1) was 60mm. 

101171 Each of the thus produced headrest was subjected to the following experiment. Initially, as shown in Fig. 3, the 
stay 6 of the headrest was supported by a jig 22 such that the above-mentioned pointP is to face a "^-shaped mem. 
ber 24 which is disposed at an initial position above the headrest, from which the member 24 ,s dropped onto the head- 
< rSt Namely the head-shaped member 24 having a weight of 6.9kg hits the headrest at the po.nt P. at a^^ 
" of 6 2knVHr and the rebound distance of the head-shaped member 24 upon collision was measured. On the basis of 
Se measured rebound distance, the energy absorbing ratio of the headrest was calculated by flowing formula^ on 
the assumption that the stay 6 of the headrest was not deformed, and that the head-shaped member 24 rebounded in 
: the vertical direction. 

energy absorbing ratio = [1 - (1/2 • V , 2 ) / (1/2 • V 0 2 + gh)] * 100 {%) 

101 181 m the above formula, V 0 . V, and g represent an initial collision speed, an initial rebounding speed, and a grav- 
rtafeonal acceleration, respectively; while h represents, as shown iri the graphs of Figs. 4 and 5, a difference between a 
w^ton Hi ol the head-shaped member 24 at the moment of its collision with the headrest at the po.nt P and a portion 
hToY** head-shaped member 24 at the moment of its rebounding. The rebound distance of the head-shaped member 
24 o deserted by a difference between the position H2 and a point H3 which is the lowest point in the waveforms of 
th* g-6s*s o« F^s. 4 and 5. The headrest having a larger energy absorbing ratio is capable of effectively protecting the 
veh**> Dassenoer from the' whiplash injury due to the spring back of the headrest. 

Wun ^onveach of the headrests produced as described above! the pad material 10 was cut off. to thereby pmvide 
a sbeomen of the soft polyurethahe foam. Each specimen was measured of its rebound resilience percentage and the 
tenure dependency of Ihe compression force 'deflection (A25%CFD). The rebound resilience percentage was 
Sd by using the specimen having a thickness of 30mm. in accordance with the method A specified in section * 
Rebound resilience- of JIS-K-6400(1997). The 25%-compression force deflection values were measured at -20 C and 
S5 +20-C respectively by using the specimen having a size of 50mm x 50mm x 25mm'. according to ASTM-D-3574. The 
ttrnpeS^eridency of the expression force deflection (A25%CFD) was ca«cu.ated by subtracting the 25%-com- 
oression force deflection value at +20°C from the 25%-compression force deflection value at -20»C. ^ 
' [01201 The calculated energy absorbing ratio of each headrest, the rebound resilience percentage and tte tempera- 
ture dependency of the compression force deflection (A25%CFD) of the soft polyurethane foam of each headrest are 
so indicated in the following tables 1-3. The time (minutes) required before each headrest obtained by the foaming oper- 
' ation can be. removed from the mold, i.e.. curing time, is also shown in the Tables. 
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amine catalyst, (1) 


U • J 
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0.1 


0.1 


0.1 


0.1 
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NGO index 
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22 
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13 


24 
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x 10 3 (kg/cm 2 ) 


-20°C 


92 
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TABLE 3 
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*: Since the organic polyisocyanate H was deposited, it 
could not be used in the polyurethane-f orming reaction. 



[0121] As is apparent from the results indicated in the above tables 1 -2, the headrests of the Examples 1 -1 5 accord- 
ing to the present invention had the energy absorbing ratios higher than 80%, which is high enough to protect the vehi- 
cle passenger from suffering from the whiplash injury due to the spring back of the headrests. This is because these 
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headrests use as the pad material 10 the soft polyurethane foam having the rebound resilience percentage of not 
higher than 30%. Further, since the temperature dependency of the compression force deflection (A25%CFD) of the 
soft polyurethane foam which gives the pad material 1 6 is not larger than 0.030kg/cm 2 , the difference between the 25%- 
cbmpression force deflection value at the low temperature (-20°C) and the 25%-compression force deflection value at 

5 the room temperature (+20°C) is small. Accordingly, the hardness of each headrest is not likely to vary with the ambient , 
temperature, whereby the headrest can give a good feel to the passenger, assuring good cushioning characteristics. 
[0122] The comparison between the result in the Example 4 and "the result in the Example 13, 14 or 15 shows that 
the use of TDI as the organic polyisocyanate causes an increase in the rebound resilience percentage and a rise of the 
temperature dependency of the compression force deflection (A25%CFD). In view of this, it is preferable to use only 

w MDI as the organic polyisocyanate. As is apparent from the graph of Fig. 4 .which shows a time-displacement curve 
obtained when the above-described experiment (Fig. 3) was conducted on the headrest of the Example 4 according to 
. the present invention, in which the rebound distance of the head-shaped member 24 was measured, the head-shaped 
member 24 rebounded only once, and its rebound distance was relatively small. 

[0123]* On the contrary, the results indicated in the above Table 3 show that the headrests according to the Compar- 
is ative Examples 1 -8 suffered from various problems. For instance, in the headrest according to the Comparative Exam- 

• pie 1 , the rebound resilience percentage of the soft polyurethane foam that gives the pad material 1 0 is comparatively 
■ high since the amount of the polyether polyol C was excessive, thereby undesirably lowering the energy absorbing ratio 

of the headrest In the headrest of the Comparative Example 2, the temperature dependency of the compression force 
deflection (A25%CFD) of the soft polyurethane foam that gives the pad material 10 was comparatively large since the 
/~~\ 2p hydroxyi. equivaient of the isocyanate-modrfying polyether polyol used in forming the organic polyisocyanate J was 
^\ * below 800. The soft polyurethane foam that gives the pad material 10 of the headrest of the Comparative Example 3 
had increased temperature dependency of the compression force deflection (A25%CFD) since the hydroxyi equivalents 
of the polyether triol A and the polyether diol H were smaller than the specified values. Further, in the headrest accord- 
ing to the Comparative Example 4, the soft polyurethane foam that gives the pad material 10 suffered from a high 
25 rebound resilience percentage, lowering the energy absorbing ratio of the headrest since the hydroxyi equivalents of 
/ the polyether triol B and the polyether diol G were larger than i 500. As is apparent from the graph of Fig. 5 which shows 
a time-cfisplacerherit curve obtained when the above-described experiment (Fig. 3) was conducted on the headrest of 
the Comparative Example 4, in which the rebound distance of the head-shaped member 24 was measured, the head- 
shaped member 24 periodically and repeatedly rebounded, and its rebound distance was relatively large. 
: [01 24] In the headrest of the Comparative Example 5. the soft polyurethane foam had increased temperature depend- 

• ency of the compression force deflection (A25%CFD) since the hydroxyi equivalent of the polyether triol A was smaller 
than 900. In the headrest of the Comparative Example 6, the soft polyurethane foam had a high rebound resilience per- 
centage, and an accordingly low energy absorbing ratio of the headrest, since the average functionality of the isocy- 
ahate-mbdrrying polyether polyol used in forming the organic polyisocyanate F was larger than 4. In the headrest • 

' 35 : according to the Comparative Example 7, tfie organic polyisocyanate H was solidified at the room temperature since 
'the EO content of the isocyanate-modifyihg polyether polyol used in forming the organic polyisocyanate H was larger 
than 80%: Therefore, the organic polyisocyanate H could not be used in forming the soft polyurethane foam. Further, 
. the soft polyurethane foam that gives the pad material 1 0 of the headrest according to the Comparative Example 8 had 
. a high rebound resilience percentage and an accordingly low energy absorbing ratio of the headrest, since the hydroxyi 
' to equivaient of the isocyanate-modifying polyether polyol used in forming the organic polyisocyanate F was larger than 
2000. , 

[Examples 16-17 and Comparative Example 9] 

45 [0125] There were prepared various resin premixtures by using, as a polyol component, POL-A (polyether polyol 
. available from MITSUI CHEMICALS, INC., Japan and having an average molecular weight of 2000, an OH value of 56, 
and a functionality of 2), POL-B (polymer polyol (styrene polymerization composition) available from ASAHl DENKA 
KOGYO CO., Ltd., Japan and having an average molecular weight of 6700, an OH value of 25, a functionality of 3), and 
POL-C (polyether polyol available from MITSUI CHEMICALS, INC., Japan and having an average molecular weight of 

so 6000, an OH value of 28, and a functionality of 3). As a foaming agent, water was used while an amine catalyst (1) ("L- 
1020" available from KATSUZAI CHEMICAL CO., Ltd., Japan) and an amine catalyst (2) fA-1" available from KATSU- 
ZAI CHEMICAL CO.; Ltd., Japan) were used as a catalyst. The resin premixtures in Examples 16 and 17 according to 
the present invention, methanol (having a molecular weight of 32) and propanol (having a molecular weight of 60) were 

4 used, respectively, as a monohydric alcohol. The resin premixture prepared as a Comparative Example 9 did not cori- 

55 , tain the monohydric alcohol. The resin premixtures had the respective compositions as indicated in the following Table 
4. 

[0126] To the respective resin premixtures prepared as described above, ISO (i.e., MDI polyisocyanate having an 
NCO content of 27.3% and available from MITSUI CHEMICALS, INC., Japan) as an organic polyisocyanate component 
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was added in the respective amounts as indicated in the Table 4. Each of the thus obtained mixtures was poured into 
a mold having a suitable molding cavity, and reacted at a mold temperature of 43±2°C, to thereby provide a soft poly- 
urethane toam. 

[0127] For each of the obtained soft polyurethane foams, the rebound resilience percentage, the 25% compression 
5 force deflection values (25%CFD) at 20°C, 0°C, and -20°C, and the temperature dependency of the compression force 
deflection (A25%CFD) were obtained. Described in detail, the rebound resilience percentage was measured in accord- 
ance with .the method A in section "9. Rebound resilience" of J IS-K-6400 (1 997) by using a specimen of the soft poly- 
urethane foam having a size of 80mm x 80mm x ZOmm 1 . The 25%-compression force deflection values were obtained 
according to ASTM-D-3574 by using a specimen of the soft polyurethane foam having a size of 50mm x 50mm x 
w 25mm ! . Namely, the specimen of the soft polyurethane foam had an initial height which is its height upon receiving an 
initial load of 30g. The specimen of the soft polyurethane foam having the initial height was compressed by 25%, so that 
the 25%-compression force deflection values were obtained, The temperature dependency of the compression force 
deflection (A25%CFD) is indicated as a difference between the 25%-compression force deflection value at -20°C and 
the 25%-compression force deflection value at +20°C: The results of the measurements are indicated in the following 
15 Table 5: "'. ' ' '"" " ": \ r ■" • • • ■ — 

T A B L E 4 





Composition (parts) 


». - 

PnmiDarative 
Example 


Present invention 


9 


16 


17 


rixture 
>arts) 


POL-A 


100.0 


60.0 




POL-B 




40.0 




POL-C 






100.0 


Composition of resin pren 

(f 


water 


3.8 


3.8 


3.8 


amine catalyst 
(1) 


. 0.50 


0.50 


0.50 . 


amine catalyst 
(2) 


0.10 


0.10 ; 


•0.10 


methanol 




1.0 ; 




propanol 






3.0 


ISO 


57.8 


69.3 


65.4 ' 


average molecular 
weight of polyol 
component 


2000 


4480 


6000 ,. 



55 ■ .• V 
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TABLE 5 





Comparative Example 


Present i 


nvention 




9 


16 


if 


rebound resilience percentage at the room temperature (%) 


. 27 


27 


27 


25%CFD at +20°C (kg/crrr^) 


0.054 


0.053 


0.052 


25%CFD at 0°C (kg/cm^ 


0.103 


0.066 


0.063 


25%CFD at -20°C (kg/cm*) 


0.175 


0.081 


0.076 


,A25%CFD (kg/cm 2 ) 


0.121 


0.028 


0.024 


curing time (minutes) 


15 


4.5 


„ 3 



[0128] As is apparent from the results indicated in the above Table 5, the soft polyurethane foam of the Comparative 
Example 9 had comparatively large temperature dependency of the compression force deflection (A25%CFD), so that 
its hardness was comparatively high at a relatively low ambient temperature, resulting in deterioration of its feel or cush- 
ioning characteristics. In contrast, owing to the addition of the monohydric alcohols to the resin premixtures, the soft 
polyurethane foams of the Examples 16 arid 17 of the present invention had rebound resilience percentage values as 
low as the soft polyurethane foam according to the Comparative Example 9 even when the polyol components having 
high molecular weights are included. Further, the soft polyurethane foams of the Examples 16 and 17 of the present 
invention had comparatively small temperature dependency of the compression force deflection (A25%CFD). and was 
free from deterioration of the feel or the cushioning characteristics thereof at a relatively low amtwent temperature. 
Accorciingly, the soft polyurethane foams of the Examples 16 and 17 of the present invention are suitable for practical 
use Moreover, in producing the soft polyurethane foams of the Examples 16 and 17 of the present invention, the 
required time before the obtained polyurethane foams can be removed from the mold (i.e.. curing time) was significantly 
reduced as compared to that of the polyurethane foam according to the Comparative Example 9. assuring excellent 
productivity thereof. '"• 

[Examples 18-22 and Comparative Example 10] 

[01 29] Various soft polyurethane foams (Examples 18-22 according to the present invention) were obtained by using 
various monohydric alcohols as indicated in the following Table 6 in different amounts ranging from 1 .0 part to 3.0 parts, 
in the same manner as in the above Examples 1 6 and 1 7. A soft polyurethane foam as a Comparative Example 1 0 was 
produced, without using the monohydric alcohol. The composition of the resin premixtures for forming the respective soft 
polyurethane foams are indicated below. 



POL-A 


60:0 parts 


POL-B 


40.0 parts * 


water (foaming agent) 


3.8 parts 


monohydric alcohols 


1:0-3.0 partis 


amine catalyst (1) 


0.50 part 


amine catalyst (2) 


0.10 part 


purified MDI (prepolymer) 


60.0 parts 


crude MDI 


40.0 parts 



* The polyol component as a whole had an 
average molecular weight of 4480. 



[0130] Asintheabove Examples 16 and 17, the rebound resilience percentage at the room temperature was obtained 
for each of the soft polyurethane foams. The results of the measurement are alsp indicated in the Table 6. As is appar- 
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ent from the results, the soft polyurethane foams of the Examples 18-22 according to the present invention had effec- 
tively lowered rebound resilience percentages owing to the addition of the monohydric alcohols, as compared with the 
soft polyurethane foam of the Comparative Example 10. 

TABLE 6 



35 • 



40 







monohydric alcohol 


rebound 
resilience 
percentage (%) 




- , type 


molecular 
weight , 


antouni 
( parts ) 


Present Invention 


18 


methanol 


32 

. .. ■ \. . '■ 




■ • 1.0 


. _.. 27 




• 2.0 ' 


20 




3.0 


15 


19 


ethanol 


46 ' 


1.0 


27 , '• • ' . 


2.0 < . 


:•'/ • 23 • 


3.0 


' . ; 18 


20 


propanol 


60 


1, 0 


. 27 


2.0 


:■ - : V ; 25 


3.0 


22 


21 


. butanql 


74 


1.0 


28 


2.0 V' 


' 24 


3.0 




22 


pentanol 


88 


i.o . 


' 27 


2.0 


26 


.3.0 


26 


Compar 
Exantpl 


ative 
e 10 


without containing 
monohydric alcohol 




32 ;• 









50 



[Examples 23-34 and Comparative Examples 11-14] 
55 I. Preparation of materials 

[0131] Theorganic polyisocyanate, the polyol components, and the mono-ol compounds represented by the above 
formula (1 ) used in the Examples 22-33 according to the present invention and in the Comparative Examples 11-14 are 
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as follows. 

(1) Polyisocyanate A (organic poiyisocyanate component) 

[01 32] The polyisocyanate A is a prepolymer having terminal isocyanate groups, which poiyisocyanate A has an NCO 
content of 28.0% and was obtained by partially urethane-modifying a mixture of purified MDI and crude MDI which were 
mixed in a ratio of 70/30, with polyoxyalkylene polyol having a hydroxyl equivalent of 1670 and a functionality of 3. 

(2) Polyol A (the polyol component) 

[01 33] The polyol A is a polyether polyoi having a hydroxyl equivalent of 1 020, which was obtained by addition polynv 
erization of a mixture of propylene oxide and ethylene oxide which were mixed in a ratio of 85/15, to glycerin. 

(3) Polyol B (the polyol component) 

[0134] The polyol B is a polyether polyoi having a hydroxyl equivalent of 2000, which was obtained by addition polym- 
erization of a mixture of propylene oxide and ethylene oxide which were mixed in a ratio of 85/15, to glycerin. 

(4) Polyol G (the polyol component) 

[0135] The polyol C is a polyether polyol having si hydroxyl equivalent of .800. which was obtained by addition polym- 
erisation of a mixture of propylene oxide and ethylene oxide which were mixed in a ratio of 85/1 5. to glycerin. 

(5) Polyol D (the polyol component) 

[0136] The polyol D is a polyether polyol having a hydroxyl equivalent of 1500. which was obtained by addition polym- 
erization of a mixture of propylene oxide and ethylene oxide which were mixed in a ratio of 80/20. to dipropylene glycol. 

(6) Polyol E (the polyoi component) 

[0137] The polyol E is a polyether polyol having a hydroxyl equivalentof 1650, which was obtained by addition polym- 
erization of a mixture of propylene oxide and ethylene oxide which were mixed in a ratio of 85/15. to sorbitol. 

(7) Polyol F (the polyol component) 

[0138] The polyol F is a polymer polyol obtained by polymerizing acrylonitrile in a polyether polyol which has a 
hydroxyl equivalent of 1650 and was obtained by addition polymerization of a mixture of propylene oxide and ethylene 
oxide which were mixed in a ratio of 85/1 5. to glycerin. 

40 (8) Compound ( 1 >(the mono-ol compound) 

[0139] The compound ( 1 >is a nonyl phenol. 

(9) Compound (2>(the mono-ol compound) . * 

[0140] The compound < 2 >is a mono-ol obtained by addition polymerization of 1 mol of ethylene oxide to a nonyl phe- 
nol. 

(10) Compound < 3 >(the mono-ol compound) 

[0141 ] The compound < 3 >is a mono-ol obtained by addition polymerization of 3 mol of ethylene oxide to a nonyl phe- 
nol. 

(1 1) Compound ( 4)(the mono-ol compound) 

[0142] Tlie compound <4>is a mono-ol obtained by addition polymerisation of 10 mol of ethylene oxide to a nonyl 
phenol. 
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II. Preparation of resin premixtures 

[0143] By using the polyo! components and the mono-ol compounds as described above, there were prepared various 
resin premixtures having the following composition. 



10 



polyo! component 


100.0 parts 


silicone foam stabilizer ("SRX-274C" available from Toray- 


1.0 part 


• Dow Corning Corporation, Japan) 




diethano! amine . 


1.0 part 


amine catalyst (1) ("L-102CT available from KATSUZAl 


0.5 part 


CHEMICAL CO., Ltd.. Japan) 




amine catalyst (2) ("A- 1" available from KATSUZAl CHEM- 


0.1 part 


ICAL CO., Ltd., Japan) 




water 


4.5 parts 


mono-ol compound 


0.003-0.15 mol (per 100g of the polyol component) 



[0144] The thus prepared-resin premixtures and the organic polyisocyanate component were mixed so as to provide 
various mixtures having the respective compositions as indicated in the following Tables 7-10. By using the thus 
W obtained mixtures (according to the Examples 23-34 of the present invention and according to the Comparative Exam- 
ples 1 1-14), various energy-absorbing headrests were produced in the same manner as described with respect to the 
above Examples 1-15. 

[0145] the produced headrests were subjected to the same experiment as described with respect to the above Exam- 
ples 1-15, so that the energy absorbing ratio was calculated/The rebound resilience percentage, the 25%<ompression 
30 force deflection values at -20°C and at +20°C, and the temperature dependency of the compression force deflection 
(A25%CFD) were obtained for each of the headrests. Further, the time (minutes) required before each headrest 
obtained by the foaming operation can be demolded (i.e., curing time) was measured. The results of the measurement 

are also indicated in the Tables 7-10. 

•*.•*•"■• * 



40 



45 



.50 

. ' ■ ■ / 



55. 



oxicnnr.irv ;cd nattXAtAAi I % 



26 



EPO 913 414 A1 



TABLE 7 



s 








Present invention . 










23 


24 


25 


26 


27 






polyol A 


100 


100 


100 


ioo 


70 


10 


0) 


polyol F\ 














30 




U ~ 
Z3 CO 
4-> 4-> 

* u 


diethanol amine 


1 


1 ■ 


1 


1 


1 


15 


premi: 
(pa: 


silicone foam 
stabilizer 


1 


1 


1 


1 


.1 




c 


amine catalyst (1) 


0.5 


0.5 


0.5 




u • D 


20 


res 


amine catalyst (2) 


0.1 


0.1 


o.i 


0.1 


0.1 




o 


water 


4.5 


4.5 


4.5 


4.5 


4.5 




ion 


compound <1>* 


0.022 








0.022 


25 


Dmposit 


compound < 2 > * 




0.019 










compound <3>* 






0.026 






30 


u 


compound <4>* 








0 .015 


_ — 




or< 

po! 


janic 

Lyisbcyanate 


polyisocyanate A 




35 


' NCO index 


90 


90. 


90 


90 


90 




rebound resilience 
percentage (%) 


19 


19 


16 . . 


21. . 


.20 . 


40 


. energy absorbing 
ratio (%) 


80 


82 


. 83 


80 


80 




25%-compressibn 
force deflection 
x 10 3 (kg/cm 2 ) 


-20°C 


90 


91 


89 


97 . 


••■ 99 




+20 °C 


75 


78 


70 


79 


80 


45 


A25%CFD x 10 3 
(kg/cm 2 ) 


15 


13 


19 


18 


i9 


50- 


curing time (minutes) 


.4 


4 


4 


• .4' " 


" 4 ' 



*: molar amount per lOOg of the polyol component 
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T A B L E 8 



5 








Present invention 










28 


29 


30 


31 


32 


10 




polyol B 


100 


100 


100 


100 ' 


80 


a; ' 

M — - 

a w 


polyol F . 


— 


. _ — _ 


_ — i — . 


- — -- 


20 




4J JJ 

•h id 


diethanol amine 


1 


1 ■ 


1 


1 


1 


: is ' ■ • 


e a 

,.a> — 
u 
a 


silicone foam 
stabilizer ' 


-I. 


■• 1 


1 


1 


1 




ssin 


amine catalyst (1) 


0.5 


0. 5 


0.5 


0.5 


0.5 . 


20 


n of re 


amine catalyst (2) 


0.1 


0.1 


0.1 


0.1 


0.1: 




water . 


4.5 


." 4.5 


4.5 


4.5 


4.5 




tip 


compound <1>* 


0.045 








0.045 


25 


Compos i 


compound <2>* 




0.057 










compound' <3>* 






0.026 






30 


compound <4>* 








0.030 






organic 
polyisocyanate 


polyisocyanate A 


35 


NCO index . 


90 


90 


90 


90 


90 




rebound resilience 
percentage ( % ) . 


24 


21 


25 


25 


23. 


40 


energy absorbing 
ratio {%) 


80 


82 


80 


80 


82 




2 5%-compression 
force: deflection 
x 10 3 (kg/cm 2 ) . 


-20°C 


96 


91 


95 


96 


98 


45 


+20°C 


• 78 


72 


78 


78 


79 




A25%CFD x io 3 
(kg/cm*) 


18 


19 


17 


18 


19 


50 


curing time (minutes) 


4 


4 


4 


4. 


■ . 4 - ' 



molar amount per lOOg of the polyol component . 
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TABLE 9 









Present invention 








' 33 


34 




polyol A 


50 




u en 


polyol B 





70 


AJ H 

X «J 

■H . Cu 


polyol D 


30 


. 


£ 


pplyol E 





10 


a 

c . 


polyol F 


20 


20 


CD 
0) 

u 


diethandl amine 


1 


1" 


0 

c 


silicone foam 
stabilizer 


X ' 


1 , 


tiO! 


amine catalyst (1) 


0.5 


o.5 : 


10 
0 


amine catalyst (2) 


0,1 


b.i 


a 

E 
0 

o 


water ' 


4.5 


4 ; 5 




compound <1>* 


0.022 


0.045 


organic 

polyisocyanate 


polyisocyaha.te A. 


NCO index 


90 


90 : 


rebound resilience 
percentage (%) 


19 


24 


energy absorbing . 
ratio (%) 


83 


80 


25%-compression 
force deflection 
x 10 3 (kg/cm 2 ) 


-20°C 


94 


99 \ 


+20°C 


76 


79 


A25%CFD x 10 3 
(kg/cm 2 ) 


18 


20 


curing time (minutes) 


4 


4 



*: molar amount per lOOg of the polyol component 
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T A B L E 10 



5 ' 








Comparative Examples 










11 


12 


13 "i 


14 


10 




polyol A * 


100 




100 


100 




ts) 


polyol C 




100 


, — __ 






par 


diethanol amine 


.1 . 


1 


1 ■ 


1 


15 . 


<]) 
U 


silicone foam 
stabilizer 


1. 


1 ' 


. ... 1 ... 


• . i - 




it ion o 
premixt 


amine catalyst (1) 


0.5 


0.5 


015 




20 


amine catalyst (2) 


0.1 


0.1 


0.1 


0.1 




0 c 
a -i-r 


water • 


4.5 


4.5 


.4.5 


4.5 


25 


E (0 
O 0) 

o u 


compound <1>* 






0,003 


0.150 




organic 

polyisocyanate , 


polyisocyanate A 


30 


NCO index 


90 


90 


90 


90 




rebound resilience 
percentage (%) 


35 . 


25 


31 


13 


35 • 


energy absorbing 
ratio (%) 


72 


80 


74 


84 




25%-compression 
force deflection 
x 10 3 (kg/cm 2 ) 


-20°C 


95 


124 


95 


100 


40 


+20°C 


78 


79 


78 


65 




A25%CFD * 10 3 
(kg/cm 2 ) 


17 


; 45 


17 


35 


45 : 


curing time (minutes) 


• 4 


4 


4 


20 . 



*: molar amount per lOOg of the polyol component 



[0146] As is apparent from the results indicated in the above Tables 7*9. each of the headrests of the Examples 23- 
34 according to the present invention had the energy absorbing ratio higher than 80%, and was capable of protecting 
the vehicle passengers from suffering from the whiplash injury due to the spring back of the headrests. This is because 
55 these headrests use as the pad material 1 0 the soft polyurethane foam having the rebound resilience percentage of not 
' higher than 30%. Further, since the temperature dependency of the compression force deflection (A25%CFD) of the 
; soft polyurethane foam which gives the pad material 1 0 is not larger than 0.030kg/cm 2 , the difference between the 25%- 
compression force deflection value at the low temperature (-20°C) and the 25%-compression force deflection value at 
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the room temperature (+20°C) is relatively small. Accordingly, the hardness of each headrest is not likely to vary with 
the ambient temperature, whereby the headrest assures a good feel as felt by the passengers or good cushioning char- 
acteristics. 

[0147] As is apparent from the graph of Fig. 4 which shows a time-displacement curve obtained when the above- 
£ described experiment (Fig. 3) was conducted on the headrest of the Example 23 according to the present invention, in 
which the rebound distance of the head-shaped member 24 was measured, the head-shaped member 24 rebounded 
only once, and its rebound distance was relatively small. 

[0148] In contrast, it will be understood from the results indicated in the above Table 10 that the headrests according 
to the Comparative Examples 11-14 suffered from various problems. Namely, in the headrest of the Comparative Exam- 

io pie 1 1 wherein the polyurethane-fprming reaction was effected in the absence of the mono-ol compound represented 
by the above formula (1), the obtained soft polyurethane foam that gives the pad material 10 of the headrest had an 
undesirably high rebound resilience percentage, and an accordingly low energy absorbing ratio of the headrest. In the 
Comparative Example 1 2 wherein the use of the polyol component having a low hydroxy! equivalent results in lowered 
rebound resilience percentage of the obtained soft polyurethane foam and improved energy absorbing ratio of the , 

75 headrest, the temperature dependency of the compression force deflection (A25%CFD) is undesirably large. Where the 
mono-ol compound represented by the formula (1) was present in the reaction system in a molar amount smaller than 
the specified lower limit as in the Comparative Example 13, the obtained soft polyurethane foam did not have the 
rebound resilience percentage of not higher than 30%. On the contrary, where the mono-ol compound represented by 
the formula (1 ) was present in the reaction system in a molar amount exceeding the specified upper limit as in the Com- 
1 20 parative Example 14, the tenrperature dependency of the compression force deflection was significantly large, and a 
longer period of time was required before the headrest formed by the foaming operation could be demolded, though the 
rebound resilience percentage was lowered. 

[0149] It will be understood from the above description that the soft polyurethane foam produced according to the . • 

present invention has the rebound resilience percentage of not higher than 30% and the temperature dependency of 

25 the compression force deflection (A25%CFD) of not larger than O.OSOkg/cm 2 , assuring a high degree of energy ab^^ 
ing characteristics as well as.a good feel as given to the users, in other words, excellent cushioning characteristics. In * 
particular, the hardness of the present soft polyurethane foam is not likely to be affected by a change in the ambient 
temperature, whereby the soft polyurethane foam according to the present invention can be advantageously used as a 
pad material of vehicle interior members such as a headrest and a seat back. 

30 [0150] A soft polyurethane foam which has a rebound resilience percentage ratio of nd higher than 30% and whose 
temperature dependency of a compression force deflection that is represented by a difference between a 25%-com- 
, pression force deflection value at -20°C and a 25%-cpmpression force deflection value at +20°C is not larger than 

0. 030.g/cm2 

35 Claims fc ; * ' ^ 

1 . A soft polyurethane foam which has a rebound resilience percentage of not higher than 30% and whose tempera- 
ture dependency of compression force deflection represented by a difference between a 25%-cpmpression force 
deflection value at -20°C and a 25%-compression force deflection value at +20°C is riot larger than O.OSOkg/cm 2 . 

2. A soft polyurethane foam according to claim 1 , wherein both of said 25%-compression force deflection value at - , 
20°C and said 25%-compression force deflection value at +20°C are not larger than 0.11 Okg/cm 2 . 

3. A soft polyurethane foam according to claim 1 or 2 produced by reaction of a polyol component having an average 
45 molecular weight of 2000-8000 and an organic polyisocyanate, in the presence of a monohydric alcohol having a . ; 

molecular weight of not larger than 100. «, 

.4. A soft polyurethane foam according to claim 1 or 2 produced by reaction of a polyol component and an organic i 
polyisocyanate, wherein said polyol component comprises polyoxyalkylene polyol having an average functionality 
so / of 2-8 and a hydroxyl equivalent of 900-3300, and said reaction is effected in the presence of a compound repre- 
sented by the following formula (1 ), in an amount of 0.005-0. 1 mol per 100g of said-polyol component, 
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5- 



10 



(CnH 2 n + l)- C 6 H 4 - o(c.H2'CHO} 



CH-3 



,(CH2CH20) — H 



••v . (i ) 



15 



20 



25 



30 



35 



wftccah. n * an integer of 0-20, x and y represent respective different ones of integers 0-20, and a sum of x and y , 
cs cri a rznge oJ 0-20. ; ' '\ 

5. A soft potyurethane team according to claim 4, wherein n is an integer of 0-9, x and y represent respective different 
ones of tntegers 0-10. and a sum of x and y is in a range of 0-10. 

6. A soft polyurethane foam according to claim 4 or 5, wherein said compound represented by the above formula (1) 
is honyt phenol or a substance obtained by addition polymerization of 1 -1 0 mol of ethylene oxide to said honyl phe- 

, nd, ; • , " * : ; ' ; '■ '• ; 

7. A method of producing a soft polyurethane foam by reacting an active hydrogen compound with an organic polyiso- 
cyanate using water, wherein said active hydrogen compound is a mixture of polyethertriol having a hydroxyl equiv- 
alent of 900-1500 and containing 5-30 wt.% of terminal polybxy ethylene units, and polyether diol having a hydroxyl - 
equivalent of 1010-1500 and containing 5-30 wt.% of terminal poryoxy ethylene units, a weight ratio of said poly- 
ether triol to said polyether diol being in a range of 80/20 ~ 6/100, and said water is used in an amount of 2.0-6.0 
parts by weight per 100 parts by weight of said active hydrogen compound. 

8. A method according to daim 7, wherein said organic polyisocyanate is a mixture of polymethylene pblyphenyliso- 
cyanate and 2,4-tolylenediisocyanate and/or . 2,6-tolyienediisocyahate 4 a Weight ratio of said polymethylene 

. polyiDhenylisocyanate to said 2,4-toIylenediisbcyanate and/or 2,6-tolylenediisocyanate being in a range of 100/0 - 

,70730; ' \ ; ' : 



9. A method according to claim 7, wherein said organic polyisocyanate is a prepolymer having terminal isocyanate 
groups, said prepolymer being obtained by reacting polymethylene polyphenylisocyanate with at least one pbly- 
40 ether pblyol which has an average functionality of 1-4 and a hydroxy] equivalent of 800-2000 and which is obtained 
by addition polymerization of alkyiene oxide having three or more carbon. atoms, and ethylene oxide, in a molar 
: ratio of 20/80 -100/0. 



10. A method according to any one of claims 7-9, wherein said polyether triol and said polyether diol are mixed in a 
45 weight ratio of 70/30 ~ 40/60. ' - i ■ ' • 

11. A method of producing a soft polyurethane foam having a rebound resilience percentage of riot higher than 30%, 
by reaction of. a polyol component having an average molecular weight of 2000-8000 with ah organic polyisocy- 
anate in the presence of water, wherein said reaction is effected in the presence of a rrionohydric alcohol having a 

so , molecular weight of not larger than 100; 

12L A method according to claim 1 1, wherein said monohydric alcohol is used in an amount of 0.1-15 parts by weight 
per 100 parts by weight of said polyol component. 

55 n 1 3. A method according to claim 1 1 , wherein said monohydric alcohbl is used in an amount of 0.5-5 parts by weight 
per 100 parts by weight of said polyol component. 

14. A method according to any one of claims 11-13, wherein said polyol component contains 30-70 wt.% of a polymer 
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polyol. 

15. A method according to any one of claims 11-14, wherein said polyoi component has an average molecular weight 
of 3000-6000. 

1 6. A method of producing a soft polyurethane foam by reaction of an organic polyisocyanate and a mixture of a polyol 
' component and water, said soft polyurethane foam having a rebound resilience percentage of not higher than 30%, 

and temperature dependency of compression force deflection represented by a difference between a 25%-com- 
pression force deflection value at -20°C and a 25%-compression force deflection value at +20°C being not larger 
than O.OSOkg/cm 2 , wherein said polyol component comprises polyoxyalkylene polyol having an average functional- 
ity of 2-8 and a hydroxyl equivalent of 900-3300, and said reaction is effected in the presence of a compound rep- 
resented by the following formula (1), in an amount of 0.005-0.1 mol per I00g of said polyol component, 

(CnH 2 n + l)- C 6 H 4 - 0(CH 2 CH0)^— 

CH 3 



20 



25 



30 



40 



45 



50 



-(cH2CH 2 0) y - H* \ (1) 

wherein, n is an integer of 0-20, x and y represent respective different ones of integers 0-20, and a sum of x and y 
is in a range of 0-20. 

17. A method according to claim 16, wherein n is an integer of 0-9, x and y represent respective different ones of irite- , 
gers 0-10, and a sum of x and y is in a range of 0-10. 

18. A method according to claim 16 or 1 7, wherein said compound represented by the above formula (1) is nonyl phe- 
25 nol or a substance obtained by addition polymerization of 1 -1 6 mol of ethylene oxide to the nonyl phenol. 

19. A method according to any one claims 16-18, wherein both of said 25%-compression force deflection value at - 
20°C and said 25%-compression force deflection value at +20°C are not larger than 0.1 10kg/cnr . ( 

20. A vehicle interior member comprising a skin layer, and a pad layer covered by said skin layer so as to absorb exter- 
nal energy applied to said vehicle interior member, wherein at least a portion of said pad layer is formed of a soft 
polyurethane foam which has a rebound resilience percentage of not higher than 30% and whose temperature 
dependency of compression force deflection represented by a difference between a. 25%-compression force 
deflection value at -20°C and a 25%-compressioh force deflection value at +20°C is not larger than 0.030kg/cny. 

21. A vehicle interior member according to claim 20. wherein both of said 25%-compression force deflection value at - 
20°C and said 25%-compression force deflection value at +20°C are not larger than O.iiOkg/cm 2 . 

22. A vehicle interior member according to claim 20 or 21, which is a headrest comprising a bag-like skin member (2) 
as said skin layer, said skin member having an inside space, a pad material (1 0) as said pad layer, said pad mate- 
rial filling said inside space of said skin member, and a core member (8) having an inner portion (4) fixed within said 
pad material and an outer portion (6) projecting from a surface of said skin member, wherein at least a portion of 
said pad material is formed of said soft polyurethane foam. 

23. A vehicle interior member according to claim 20 or 21, which is a seat back (12) comprising a seat back cover (20) 
as said skin layer, a seat back' frame (16), and a seat back pad (18) as said pad layer, said seat back pad being 
interposed between said seat back cover and said seat back frame, wherein at least a portion of said seat back pad 
is formed of said soft polyurethane foam. 
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24. A vehicle interior member according to any one of claims 20-23, wherein said soft polyurethane foam is produced 
by reaction of a polyol component having an average molecular weight of 2000-8000 and an organic polyisocy- 
anate, in the presence of a monohydric alcohol having a molecular weight of not larger than 1 00. 



25. A vehicle interior member according to any one of claims 20-23, wherein said polyurethane foam is produced by 
reaction of a polyol component with an organic polyisocyanate, wherein said polyol component comprises polyoxy- 
alkylene polyol having an average functionality of 2-8 and a hydroxyl equivalent of 900-3300, and said reaction.is 
effected in the presence of a compound represented by the following formula (1), in an amount of 0.005-0. 1 mol per 
100g of said polyol component, . 



10 



*/5 



(CnH 2n+ l) - C 6 H 4 - 0(CH2CH0) 



CH 3 



20 



(CH2CH2O] - H 



(1) 



25 



30 



wherein, n is an integer of 0-20, x and y represent respective different ones of integers 0-20, and a sum of x and y 
is in a range of 0-20. 

26; A soft polyurethane foam according to claim 25, wherein n is an integer of 0-9, x and y represent respective differ- 
ent ones of integers 0-iO, and a sum of x and y is in a range of 0-10. 

27. A soft polyurethane foam according to daim 25 or 26, wherein said compound represented by the above formula 
(1) is nonyl phenol or a substance obtained by addition polymerization of 1-10 mol of ethylene oxide to the nonyl 
phenol. 
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FIG. 1 
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